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NOVEL BIFUNCTIONAL CHELATING COMPOUNDS 
CONTAINING HYDROXAMIC ACID RESIDUES 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application is a division of U.S. Patent Application Serial No. 
09/739,436, filed December 18, 2000, the contents of which are hereby incorporated 
herein by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] This application is directed to new types of hydroxamic acid-based 
bifunctional chelators. These chelators preferably chelate metal ions that can be 
detected either by their paramagnetic or radioactive properties. 

BACKGROUND OF THE INVENTION 

[0003] Natural substances containing hydroxamic acid functionalities in 
their structures exhibit a wide variety of biological activities. Frequently, they act in 
vivo as antibiotics, growth factors, and iron-transport agents. Siderophores represent 
one type of natural substance that contain hydroxamic acid functionalities. 
Siderophores are small iron-chelating molecules produced by the organism when iron 
deficiencies occur. There are mainly two classes of siderophores, the cathecolamides 
and the hydroxamates. The cathecolamide class includes, for example, parabactin and 
vibriobactin. The hydroxamate class includes, for example, bisucaberin (macro- 
cyclic), desferrioxamine B (linear), desferrioxamine G (linear) and desferrioxamine E 
(macrocyclic). Because of their numerous potential applications, such as in the 
treatment of iron overload, also known as Cooley's anemia, as contrast agents for 
NMR imaging, and as diagnostic and therapeutic radiopharmaceuticals, the design 
and synthesis of new chelators possessing hydroxamic acid residues have attracted the 
attention of several research groups. 
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OBJECTS OF THE INVENTION 

[0004] It is one object of this invention to provide chelators that can be 
attached to peptides and proteins by forming a thiourea or amide bond. 

[0005] It is a further object of this invention to provide compounds that 
include diagnostic and therapeutic agents. 

[0006] It is yet another object of this invention to provide improvements in 
research and diagnostic methods and materials for assaying bodily states in animals, 
especially disease states. 

BRIEF DESCRIPTION OF THE INVENTION 

[0007] These and other objects are satisfied by the present inventions, which 
in one aspect provide chelators that can be attached to peptides or proteins. The 
chelators of the invention generally possess hydroxamic acid functionalities and can 
be bound to peptides and/or proteins, by foniiing a thiourea or amide bond. Preferred 
chelators have any of the formulas I, II, or HI: 
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where n, m and o are, independently, an integer from 1 to about 4; 
X is CH2, nitrogen (NCR"^)), oxygen or sulfur; 
Y is hydrogen, -OH (hydroxyl), =0 (carbonyl), N(R^)(R^), or =S; 
is hydrogen, alkyl having 1 to 5 carbon atoms, or a protective group; 
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is an active group such as an activated ester, a carboxylic acid, an alkyl 
isothiocyanate, an aromatic isothiocyanate or a leaving group (such as I, Br, 
CI, F, mesylate, tosylate, trifluorosulfonate (triflate); 

is hydrogen or a protective group; 
R"* is hydrogen, alkyl having 1 to 5 carbon atoms, or a protective group; 
R^ is hydrogen, alkyl having 1 to 5 carbon atoms, or a protective group; 
T) is hydrogen, nitrogen, oxygen, or sulfur; 
Z is hydrogen, nitrogen, oxygen, or sulfur; 

In preferred embodiments, the activated ester is one of the following: 

F 




The carboxylic acid group can be preferably: 

o 

o 

V^OH 




^ or ^OH 



The isothiocyanato group preferably is one of the following: 

N=C=S ^N=C=S 




^^N=C=S or Jl^ 

6 

and the protective group preferably is: 




[0008] In another aspect, the present inventions also provide methods for 
diagnosis and treatment of receptor-positive tumors. Once linked to biologically 
active ligands, the conjugates can be complexed to a radioisotope metallic element 
and used for diagnosing or treating any appropriate receptor-positive tumors. 



or 
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BRIEF DESCRIPTION OF THE FIGURES 

[0009] FIGURE 1 provides the synthetic scheme for an 
ethylenediaminetrishydroxamic acid chelator (EDTHA) [a) t-Butyl acrylate or benzyl 
acrylate or N-benzyloxy acrylamide (30) , reflux; b) 2,4,6-trimethylbenzoyl chloride, 
pyridine, CH2CI2; 0°C; c) Benzoyl chloride, pyridine, CHiCh.O^'C; d) Phthaliniide, 
diethyl azodicarboxylate, triphenyl phosphine, THF, 0°C; e) t-Butyldiphenylsilyl 
chloride, triethylamine, CH2CI2; f) 50% TFA, 2% TIPS, CH2CI2; g) O- 
Benzylhydroxyl amine hydrochloride, l-(3-dimethylaminopropyl)-3- 
ethylcarbodiimide hydrochloride, DMAP, acetonitrile]. 

[0010] FIGURE 2 provides a synthetic scheme for di-Boc 1,2,3- 
trisaminopropane based chelator [a) B0C2O, Na2C03, H2O, Dioxane, 0°C; b) MsCl, 
EtsN, CH2CI2. 0°C; c) NaN3, DMF, 70°C; d) H2, 10% Pd/C, MeOH, 50 psi; e) compound 19 or 
compound 20, IM DCC, HOBT, DIPEA, EtOAc, O^C]. 

[0011] FIGURE 3 provides a synthetic scheme for a 1,2,3-trisaminopropane 
tetrapropio-hydroxamic acid chelator (TPTHA) and a 1,2,3-trisanunopropane bis-[2'- 
hydroxybenzyl] dihydroxamic acid chelator (HBTDHA) [a) IM HCl / EtOAc; b) t- 
Butyl acrylate; c) Salicylaldehyde, EtaN, benzene, reflux, - H2O; d) H2, 10% Pd/C, 
methanol]. 

[0012] FIGURE 4 provides a synthetic scheme for a l,3-diamino-2-propanol 
tetrapropio-hydroxamic acid chelator (DPTHA). 

[0013] FIGURE 5 provides a synthetic scheme for a l,3-diamino-2-propanol 
bis-[2'-hydroxybenzyl] dihydroxamic acid chelator (HBDDHA) [a) Salicylaldehyde, 
benzene, reflux, - H2O; b) ) H2, 10% Pd/C, methanol; c) compound 28, THF, reflux] 

[0014] FIGURE 6 provides a synthetic scheme for N-hydroxy acrylamide 
derivatives. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0015] The chelators of the invention facilitate attachment of a metal 
chelating group to a peptide or protein. This attachment is effected, for example, 
through formation of a thiourea or amide bond. The former is usually prepared in non- 
aqueous media while the latter can be prepared under aqueous or non-aqueous 
conditions. 

[0016] The multidentate chelators of the invention include two or more 
hydroxamic acid functionalities, and possess an attachment group that will enable 
linking to biologically active ligands. Such chelators satisfy all of the basic 
requirements to have a high affinity for metal elements such as, for example, indium, 
gallium, iron, and gadolinium. 

[0017] The compounds of the invention can be bound to a wide variety of 
peptides and proteins. In one preferred embodiment, the peptides or proteins to be 
used include peptidomimetics containing an amino group. Among such preferred 
peptidomimetics are, for example, natural and synthetic somatostatin and analogues, 
atrial natriuretic factor peptides, fibrin binding domain peptides, monoclonal 
antibodies or fragments thereof, F(ab)2, Fab, Fv regions, oxytocin, substance P, and 
vasopressin. 

[0018] Preferred compounds according to the invention include 
radioisotopes of any detectable element. A "detectable element" as used herein is 
defined as any element, preferably a metal ion, that exhibits a property detectable in 
therapeutic or in vivo diagnostic techniques. For example, a metal ion that emits 
detectable radiation or a metal ion that is capable of influencing NMR relaxation 
properties, and that is capable of forming a conjugate or complex with the described 
hydroxamic acid-based chelators. Suitable detectable metal ions as used herein 
include, for example, heavy elements or rare earth ions such as the paramagnetic ions, 
Gd^^, Fe^"^, Mn^"*^ and Cr^*. By way of example, fluorescent metal ions, such as Eu^"^, 
and radionuclides, such as y-emitting radionuclides, ^-emitting radionuclides, a- 
emitting radionuclides, and positron-emitting radionuclides. Preferred radioisotopes 
according to the invention are those of gallium or indium, such as ^^Ga, ^^Ga, or ^^^In. 

[0019] The reaction between the chelator-peptide (or chelator-protein) 
conjugate and the detectable element is carried out using known methods, and 
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preferably are performed at a pH at which the peptide or protein is stable. In one 
method, a complex may be formed between the chelator and a detectable element 
prior to coupling with the peptide or protein. In another method, a chelator is 
complexed first with a non-detectable metal ion and then with a peptide or protein. 
The non-detectable metal ion may subsequently be replaced by the desired detectable 
element via a transmetallation process. 

[0020] The term "alkyl" as used herein refers to substituted and 
unsubstituted straight chain and branched hydrocarbons, particularly those having 1- 
20 (preferably 1-10) carbon atoms. 

[0021] The term "protective group" according to the invention, includes, but 
is not limited to, r^rf-butoxycarbonyl, benzyloxycarbonyl, mesityl (2,4,6- 
trimethylbenzoyl) ester, benzoyl ester, rert-butyldiphenylsilyl ether, triphenylmethyl 
(trityl; Tr), S-ferf-butyl, S-p-butyl, S-p-nitrobenzyl, and S-/7-methoxy-benzyl, and 
phthalimido groups (see e.g., Greene and Wuts, Protective Groups in Organic 
Synthesis, 2""* edition, John Wiley & Sons, New York, 1991). 

[0022] The term "chelator" as referenced herein refers to any organic 
compound containing two or more donor atoms spatially situated so as to form 
coordinate bonds with the same metal atom. Chelators, as referred to herein, are 
"multidentate", which is defined as having multiple donor atoms available for 
simultaneous complexing with a metal atom. 

[0023] The term "active group" refers to groups that can be easily 
transformed, substituted or that have good leaving properties. Preferred active groups 
include amine, activated esters (i.e., esters that bear an electron-withdrawing group to 
facilitate its substitution), carboxylic acids, alkyl isothiocyanates, and aromatic 
isothiocyanates. 

[0024] The term "animal" as referenced herein, includes all mammals, and 
preferably, humans. 

[0025] The term "protein" as referenced herein, refers to a linear polymer of 
amino acids linked together and usually containing at least 50 amino acid residues. 
The term "peptide" as referenced herein, refers to a small polymer in which the amino 
acids are connected by peptide bonds, and usually containing fewer than 50 amino 
acid residues. 
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[0026] The term "complex*' as referenced herein, refers to the combination 
of a chelator with a radioisotope or a chelator attached to a radioisotope and a peptide 
or protein. 

[0027] Representative techniques for preparing compounds according to the 
invention are shown in the figures. Figure 1, for example, shows a synthetic scheme 
for an ethylenediaminetrishydroxamic acid chelator (EDTHA) in which 2-(2- 
aminoethylamino)ethanol was treated with tert-hutyl acrylate and then heated at 
reflux to produce MMA^'-tris[2-(/e/t-butoxycarbonylethyl)]-2-(2- 
aniinoethylamino)ethanol (1). 




OtBu 



(1) 



[0028] Pyridine was added. The mixture was solubilized in dry methylene 
chloride and cooled to 0°C in an ice bath and a solution of 2,4,6-trimethylbenzoyl 
chloride. Next, dry dichloromethane was added. The resulting product was 7V-[2- 
(2' ,4' ,6' -trimethyl-phenylcarbonyloxy)ethyl] J^J^J^'-tns[2'itert- 
butoxycarbonyl)ethyl]- 1 ,2-ethylenediamine (2). 




OtBu 



[0029] Trifluoroacetic acid was added to a solution of tributyl ester (2) in 
dry dichloromethane. 

[0030] The residue was triturated with benzene and the solvent was removed 
under vacuum. Hydrochloric acid was added to the residue and the volatile substances 
were removed after stirring. The residual solid was dried by trituration with benzene 
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and the solid was filtered and dried under vacuum. A^-[2-(2',4',6'-trimethylphenylcar- 
bonyloxy)ethyl]»^^^'-tris[2-(rer/-butoxycarbonyl)ethyl]-l,2-ethylenedianune Q) 
dihy-drochloride was produced. 



[0031] In a subsequent step, trifluoroacetic acid and trisisopropylsilane were 
added to a solution of A^-[2-(2',4',6'-trimethylphenylcarbonyloxy)ethyl],A^,A^,N'- 
tris[2-(rerf-butoxycarbonyl)ethyl]-l,2-ethylenediamine (2) in dry dichloromethane. 
The mixture was stirred and the volatile substances were removed under reduced 
pressure. The residue was treated with O.IN hydrochloric acid and then concentrated 
under vacuum. l-(3-Dimethylaminopropyl)-3-ethylcarbodiinMde hydrochloride and 
4-(A^^-dimethylamino) pyridine were added to a mixture of iV-[2- 
(2*,4',6'-trimethylphenylcarbonyl-oxy)ethyl]^^^'-tris[2-(hydroxycarbonylethyl)]- 
1,2-ethylenediamine (3) hydrochloride and O-benzyl hydroxylamine hydrochloride in 
acetonitrile. Another quantity of 4-(iV^-dimethylamino) pyridine was added. iV-[2- 
(2' ,4' ,6' -trimethylphenylcarbonyloxy) ethyl] ^////'-tris[2- 
(benzyloxyaminocarbonyl)ethyl]-l,2-ethylenediamine (4) was produced. 



[0032] An alternative initial step involved adding 2-(2- 
aminoethylamino)ethanol to a solution of A/'-benzyloxy acrylamide (30) solubilized in 
tetrahydrofuran. The resulting solution was heated at reflux. The product was iV,iV,A^'- 
tris[2-(benzyloxy-aminocarbonylethyl)]-2-(2-aminoethylamino)ethanol (5). 




OH 




(4) 
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HO 




OBn 



I H 



O 




(5) 



[0033] The second reactive step involved adding pyridine to a cooled 
solution of tert-hutyl hydroxytrispropionate dissolved in dichloromethane. The 
mixture was stirred at 0*^C followed by the addition of benzoyl chloride. Later 
purification using dichloromethane / ethyl acetate / iV,N-diisopropyl ethylamine 
produced /^-[2-(benzoyloxy)ethyl] ^^^'-tris[2-(rerr"butoxycarbonyl-ethyl)]- 1 ,2- 
ethylenediamine (6). 



[0034] Another pathway for producing the third structure disclosed in the 
synthetic scheme involved adding diethyl azodicarboxylate to a cooled solution of 
A^^^'-tris[2-(r^rr-butoxycarbonylethyl)]-2-(2-aminoethylamino)ethanol (1), 
phthalimide, and triphenylphosphine dissolved in dry tetrahydrofuran. Later 
purification produced A^-[2-phthalimidoethyl], NJ^J^*-ths[2-tert- 
butoxycarbonylethyl]- 1 ,2-ethylenediamine (2). 

[0035] Yet another initial reactive step in the synthetic scheme discloses a 
solution of 2-(2-aminoethylamino)ethanol dissolved in benzyl acrylate heated at 
reflux. Purification produced the desired material, A^,iV^'-tris[2- 
(benzyloxycarbonyl)ethyl]-2-(2-amino-ethylamino) ethanol (8). 
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HO 




OBn 



[0036] The second reactive step in which compound (8) becomes compound 
(9) involves adding dry dichloromethane to dissolve NJSfJV'-ths[2' 
(benzyloxycarbonyl)ethyl]-2-(2-aminoethylamino) ethanol (8). Triethylamine and 4- 
(A^,A^-dimethylamino)pyridine were added and stirred before adding tert- 
butylchlorodiphenylsilane. Purification by flash chromatography using 
dichloromethane and ethyl acetate produced the desired compound, A^-[2-(r^r/- 
butyldiphenylsilyloxy)ethyl]JVJVJV'-tris[2-(benzyloxycarbonyl) ethyl]-l,2- 
ethylenediamine (9). 



[0037] Figure 2 shows a synthetic scheme for trisaminopropane 
tetrapropiohydroxamic acid chelator (TPTHA). A solution of 2-hydroxy-l,3- 
diaminopropane in water was cooled to 0°C. A mixture of tert-hutyl dicarbonate in 
1,4-dioxane was added. Sodium carbonate was added. The solvent was eliminated 
under reduced pressure. Recrystalization of the residue with a mixture of diethyl ether 
and hexane produced the desired 7V^^^-bis(rerr-butoxycarbonyl)-l,3-diamino-2- 
propanol (10) . 



[0038] A mixture of l,3-diamino-2-propanol and triethylamine was cooled 




o. 



OBn 




(10) 
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to O^C in an ice bath. Methanesulfonyl chloride was added. Water was added and the 
two layers were separated. The aqueous layer was extracted with dichloromethane. 
The end product was iV^^-bis(reft-butoxycarbonyl)-2-methanesulfonyloxy-l,3- 
diaminopropane (11) . 



[0039] Sodium azide was added to a solution of the di-itert- 
butoxycarbonyl amino) mesylate (11 ) in A^,A^-dimethylformamide. jN^-his-itert- 
butoxycarbonyl)-2-azido-l,3-diaminopropane (12) was produced. 



[0040] A solution of A^^^^-bis-(ferf-butoxycarbonyl)-2-azido- 1 ,3- 
diaminopropane (12) in methanol was poured into a Parr hydrogenation bottle. A 
palladium catalyst was added. The mixture was degassed followed by the introduction 
of a hydrogen atmosphere (50psi). The reaction was shaken and the hydrogen was 
removed in vacuo. The catalyst was then filtered off over celite and the filtrate was 
concentrated by rotatory evaporation to produce iV^^-bis(ferr-butoxycarbonyl)- 1,2,3- 
triaminopropane (13) as a solid. 



[0041] Mono-benzyl succinate (19) . 1-hydroxybenzotriazole hydrate, N,N' 
diisopropyl-ethylamine, and dry ethyl acetate were mixed and cooled to 0°C with an 
ice bath followed by the addition of IM 7S^,N'-dicyclohexylcarbodiimide in 
dichloromethane solution. The mixture was stirred under an atmosphere of argon 
before adding a solution of A^^,Ar^-bis(^6rr-butoxycarbonyl)-l,2,3-triaminopropane 
dissolved in dry ethyl acetate. The desired product was produced, benzyl A^-[2-[l,3- 
bis(ferr-butoxycarbonyl-amino)]propyl] succinamate (14). 




(ID 




N3 

(12) 




(13) 



12 



DRXI-0144 



PATENT 




(14) 



[0042] Another pathway for producing the desired final product is by 
coohng mono-mcthy\ succinate (20), 1-hydroxybenzotriazole hydrate, N,N- 
diisopropylethylamine, and dry ethyl acetate to 0°C with an ice bath followed by 
adding IM 1,3-dicyclo-hexylcarbodiimide in dichloromethane. The mixture was 
stirred under an atmosphere of argon before adding a solution of J^'his-itert- 
butoxycarbonyl)-l,2,3-triaminopropane dissolved in dry ethyl acetate. Purification 
produced methyl iV-[2-[l,3-bis(re/t-butoxycarbonylamino)]propyl] succinamate (15) . 




(ID 



[0043] Figure 3 provides a synthetic scheme for 1,2,3-trisaminopropane 
based chelators (TPTHA). The synthetic scheme begins with Benzyl A^-[2-[l',3'- 
bis(r^rr-butyIoxycarbonylamino)]propyl] succinamate (14) was treated with a l.OM 
hydrochloric acid solution in ethyl acetate. Hydrolysis produced benzyl iV-(r,3'- 
diamino-2' -propyl) succinamate dihydrochloride (16) . 




[0044] A mixture of l,3-diamino-2-propanol and rert-butyl acrylate was 
heated at reflux with stirring, and under an atmosphere of argon. Purification 
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produced the desired product, iV^,N^A^,A^J-tetra[2'-(f^rr-butoxycarbonyl)ethyl]-l,3- 
diamino-2-propanol (17) . 



t-BuO 



N ^ N 



t-BuO 




Ot-Bu 



Ot-Bu 



[0045] A/^,/V-DiisopropylethyIamine was added to a suspension of benzyl N- 
(r,3'-diamino-2'-propyl) succinamate dihydrochloride (16) in dry tetrahydrofuran. 
Tert-hutyl acrylate was then added and the solution was heated at reflux. The resulting 
product was benzyl N-[2-[Ar^ JV^,Ar^,Ar^-tetra[2'-(r^rt-butoxycarbonyl)ethyl]-l,3- 
diaminopropyl]] succi-namate (18) . 

0.>^ ^OBn 




tBuO 



Jl HN' Jl 



OtBu 



tBuO^ "*'0 "OtBu 
(18) 

[0046] A mixture of succinic anhydride and benzyl alcohol was shaken 
while heated at reflux with a steam bath until all of the succinic anhydride was 
dissolved. The excess of benzyl alcohol was removed under reduced pressure and the 
residue was cooled with an ice bath. The precipitate was filtered off and triturated 
with water. The solid was dried under vacuum until constant weight. Thus, mono- 
benzyl succinate (19) was recovered. 

O 

BnO' 



>A^OH 



19 



[0047] A mixture of succinic anhydride and dry methanol was shaken while 
heated at reflux with a steam bath until all the succinic anhydride was dissolved. The 
excess of methanol was removed under reduced pressure and the residue was cooled 
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with an ice bath. The precipitate was filtered off and triturated with water. The sohd 
was dried under vacuum until constant weight. Thus, mono-methyl succinate (20^ was 
recovered. 

o 

20 

[0048] Synthesis of the intermediate, benzyl N-[2-[N^,iV'^-bis(2'- 
hydroxybenzylidene)]-l,3-diaminopropyl] succinamate (24), involves adding 
benzene, dichloromethane, and iV,A^-diisopropylethylamine to benzyl N-(l\3^- 
diamino-2' -propyl) succinamate dihydrochloride (16) . Salicylaldehyde was added and 
the reaction mixture was heated at reflux. The resulting solid was purified by flash 
chromatography on silica gel using a mixture of dichloromethane and ethyl acetate. 
The purification produced benzyl A^-[2-[A^^,A^-bis(2'-hydroxybenzylidene)]-l,3- 
diaminopropyl] succinamate (24). 



OH OH 




O"^ OBn 

(24) 

[0049] Benzyl iV-[2-[iV^^^-bis(2'-hydroxybenzylidene)]-l,3-diaminopropyl] 
succinamate (24) was dissolved with a mixture of ethanol, tetrahydrofuran. Sodium 
borohydride was added. The mixture was stirred and water was added. After 
concentration, dichloromethane and water were added. The water solution was 
extracted with dichloromethane and the organic layers were combined. The solvent 
was evaporated and the residue was purified by flash chromatography 
(dichloromethane / methanol / anmionium hydroxide), producing benzyl N'[2-[N^J^- 
bis(2'-hydroxybenzyl)]-l,3-diaminopropyl] succinamate (25) . 
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OH 



OH 




(25) 



[0050] Benzyl iV-[2-[A^V^-bis(2'-hydroxybenzyl)]-7V^JV^-[bis[2-[A^'- 
methyl^'-(rer/-butyIdiphenylsilyloxy)]aminocarbonyl]ethyl]]-13-diaminopro 
succinamate (26) is prepared by treating benzyl bis(2'-hydroxybenzyl)diamino 
succinimate (25) with an excess of N-mcthylJ^'itert' 
butyldiphenylsilyloxy)acrylamide (28) in presence of a base such as NJ^- 
diisopropylethylamine. 



[0051] Figure 4 shows a synthetic scheme for the preparation of 
A^^/S^^^^^-r^rra[2'-(rerr-butoxycarbonyl)ethyl]-l 3-diarnino-2-propanol (17) , a 
possible precursor of TPTHA. l,3-dianiino~2-propanol was treated at reflux with an 
excess of r^it-butyl acrylate. The Michael type addition produced the desired product 
in excellent yield after purification by chromatography. 

[0052] Figure 5 shows a synthetic scheme for the synthesis of a 
trisaminopropane bis-[2'-hydroxybenzyl] dihydroxamic acid chelator (HBTDHA). 
l,3-Diamino-2-propanol is added to a mixture of salicylaldehyde and benzene and 
heated to reflux. The reaction produced iV^^^-bis(2'-hydroxybenzylidene)-l, 3- 
diamino-2-propanol (21) after drying under vacuum. 




(26) 
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(21) 

[0053] Palladium on charcoal was added to a solution of iV^^-bis-(2'- 
hydroxybenzylidene)-l,3-diamino-2-propanol (21) in methanol. After degassing, 
Altering, concentrating and purifying, the resulting product was 
hydroxybenzyl)-! ,3-diamino-2-propanol (22). 




(22) 

[0054] //^^'^-bis-(2'-hydroxybenzyl)-l,3-diamino-2-propanol (22) was 
added to a solution of A^-methyl^-(reAt-butyldiphenylsilyloxy)acrylamide (28) in 
tetrahydrofuran and heated at reflux. After removing the volatile substances, the 
residue was purified by flash chromatography using a mixture of dichloromethane, 
methanol, and N,A^-diisopropylethylamine. The solvents were eliminated from the 
desired fractions, producing iV^,JV^-[bis(2'-hydroxybenzyl)]-iV^,7V^-[bis[2-[iV'- 
methyl,A^'-(fert-butyldiphe-nylsilyloxy)aminocarbonyl]ethyl]]-l,3-diamino-2- 
propanol (23) . 




(23) 



[0055] One possible synthetic scheme for hydroxylamine derivatives 
involves adding ^err-butyldiphenylsilyl chloride and ^,iV-diisopropylethylamine to a 
suspension of N-methyl hydroxylamine hydrochloride in dry dichloromethane. The 
reaction mixture was stirred followed by the addition of water. The two layers were 
separated and the aqueous layer was extracted with methylene chloride. The organic 
solutions were then combined, dried with magnesium sulfate, filtered, and 
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concentrated to dryness under reduced pressure. The resulting product was purified by 
liquid chromatography on silica gel using a mixture of hexane and ethyl acetate to 
elute the desired product. The purification process gave N'M&thylJ^-itert- 
butyldiphenylsilyl)hydroxylamine (27) . 

H ?"3 
O 

(27) (28) 
[0056] Dry dichloromethane (SOmL) was added to 

N-McihylJ^-{tert- butyldiphenylsilyl)hydroxylamine to dissolve the hydroxylamine 
derivative. A^,A^diisopropylethylamine was added. The resulting solution was stirred 
and cooled at 0°C with an ice bath. Acryloyl chloride in lOmL of dry 
dichloromethane was added. Then water was added and the two layers were 
separated. The organic layer was washed with 10% ammonium chloride, saturated 
bicarbonate solution, and brine. The organic solution was then dried with magnesium 
sulfate, filtered, and the solvent evaporated under reduced pressure. The crude product 
was purified by flash chromatography (silica gel) using a mixture of hexane and ethyl 
acetate to elute the compound. The purification produced N-Methyl J^-itert- 
butyldiphenylsilyloxy)acrylamide (28) . 

[0057] Two other useful hydroxylamine derivatives are O- 
benzylhydroxylannine (29) , and tert-huiyl) N-(^^rf-butoxycarbonyloxy) carbamate 
(31) , both of which are commercially available and can be obtained from Sigma- 
Aldrich Canada Ltd. (Oakville, Ontario). 

[0058] A solution of acryloyl chloride dissolved in dry dichloromethane was 
cooled at 0°C with an ice bath. A mixture of O-benzyl hydroxylamine hydrochloride 

(29) and iV,Ndiisopropylethylamine in dry dichloromethane was added. Water was 
added and the layers were separated. The organic solution was washed with diluted 
hydrochloric acid, a saturated sodium bicarbonate solution, water, and brine. The 
organic layer was dried over magnesium sulfate, filtered, and the solvent removed 
under reduced pressure. The residue was purified by flash chromatography using a 
mixture of hexane and ethyl acetate. The purification gave iV-benzyloxyacrylamide 

(30) . 
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BnO 



,NH -HCI 
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O 



(29) 



(30) 



(3D 



(32) 



[0059] A solution of acryloyl chloride dissolved in dry dichloromethane was 
cooled at 0°C with an ice bath. A mixture of tert-huiyl //-(r^/t-butoxycarbonyloxy) 
carbamate (31) and A^,iV-diisopropylethylamine in dry dichloromethane was added. 
Water was added after 16 hours of reaction and the layers were separated. The organic 
solution was washed with diluted hydrochloric acid, a saturated sodium bicarbonate 
solution, water, and brine. The organic layer was dried over magnesium sulfate, 
filtered, and the solvent removed under reduced pressure. The residue was purified by 
flash chromatography using a mixture of hexane and ethyl acetate (90:10). The 
purification gave A^-(?e/t-butoxycarbonyl),A^(fe/t-butoxycarbonyloxy)acrylamide (32) 

[0060] The compounds of the invention are useful, for example, as 
diagnostic imaging agents to visualize particular peptides or receptor-positive tumors 
and metastases when complexed, for example, with a paramagnetic, a y-emitting 
metal ion or a positron-emitting radionuclide. The compounds of the present invention 
are also useful as therapeutic radiopharmaceuticals for the treatment in vivo of peptide 
receptor-positive tumors and metastases when complexed with a P-emitting, or a- 
emitting radionuclide, as indicated by standard tests. As will be recognized by those 
skilled in the art, the organ or system to be radioimaged generally dictates the 
radioisotope that is chosen for use with the compounds of the invention. 

[0061] The compounds of the invention can be used, for example, as 
diagnostic or therapeutic agents, as research reagents or in kits. The compounds of the 
invention can be used in pharmaceutical compositions by including a suitable 
pharmaceutically acceptable diluent or carrier. The compositions may be formulated 
in pharmaceutical compositions, which may include carriers, thickeners, diluents, 
buffers, preservatives, surface active agents and the like, in addition to the 
compounds. 

[0062] Formulations for topical administration may include ointments, 
lotions, creams, gels, drops, suppositories, sprays, liquids and powders. Conventional 
pharmaceutical carriers, aqueous, powder or oily bases, thickeners and the like may 
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be necessary or desirable. 

[0063] Compositions for oral administration include powders or granules, 
suspensions or solutions in water or non-aqueous media, capsules, sachets, or tablets. 
Thickeners, flavorings, diluents, emulsifiers, dispersing aids or binders may be 
desirable. Formulations for parenteral administration may include sterile aqueous 
solutions that may also contain buffers, diluents and other suitable additives. 

[0064] The compounds of the invention, when used as imaging agents, may 
be administered parenterally, preferably intravenously in the form of injectable 
solutions or suspensions and in the form of a single injection. The appropriate dosage 
will vary depending upon considerations that are well known by one of ordinary skill 
in the art, such as the precise radioisotope and the type of detectable element used, 
e.g., the radionuclide. A dose would be considered suitable if it permits imaging by 
photoscanning procedures known in the art. It may advantageously be administered in 
a dose having a radioactivity of from 0.1 to 50mCi, preferably 0.1 to 30mCi, more 
preferably 0.1 to 20mCi, In one embodiment, an indicated dosage range may be of 
from I to 200|uig of the compound labeled with 0.1 to 50mCi and preferably 0.1 to 
30mCi, Y-emitting radionuclide, depending on the y-erMtting radionuclide used. In 
another preferred embodiment, the indicated dosage range may be of from 1 to 200ug 
of compound labeled with 3 to 15mCi y-emitting radionuclide. 

[0065] Enrichment in the tumorigenic sites with the compounds of the 
invention can be followed by the corresponding imaging techniques, such as nuclear 
medicine imaging instrumentation, including a scanner, planar or rotating y-camera, 
each preferably computer assisted, a PET scanner (Positron Emission Tomography) or 
MRI equipment. 

[0066] Products containing the compounds of the invention can be used for 
in vivo treatment of peptide receptor-positive tumors and metastases in a subject in 
need of such a treatment by administering to said subject a therapeutically effective 
amount of the product. Dosages employed in practicing the therapeutic method of the 
present invention will vary depending on factors with which one of ordinary skill in 
the art is fanuliar, such as the particular condition to be treated, the volume of the 
tumor, the particular product employed, the half-life of the product in the tumor, and 
the therapy desired. In general, the dose is calculated on the basis of radioactivity 
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distribution to each organ and on the observed target uptake. For example, the product 
may be administered at a daily dosage range having a radioactivity of from 0.1 to 
3mCi/kg body weight. In one embodiment the daily dosage range is 1 to 3mCi, 
preferably 1 to 1.5mCi/kg body weight. In another embodiment, the indicated daily 
dosage range is of from 1 to 200|Lig radioisotope labeled with 0.1 to 3mCi/kg body 
weight. In yet another embodiment, the indicated daily dosage range is from 0.1 to 
1.5Ci/kg body weight a- or |3-emitting radionuclide. Administration can be effected in 
divided doses up to 4 times a day. 

[0067] The pharmaceutical compositions may be administered by any 
conventional route, depending on whether local or systemic treatment is desired, and 
on the area to be treated. Administration can be done topically, including 
ophthalmically, vaginally, rectally, intranasally, orally by inhalation, or parenterally, 
for example, by intravenous drip or subcutaneous, intraperitoneal or intramuscular 
injection. In particular, the compositions can be administered parenterally in the form 
of injectable solutions or suspensions. The pharmaceutical composition may also be 
administered advantageously by infusion for, for example, 30 to 60 minutes. 
Depending on the site of the tumor, the compounds are administered as close as 
possible to the tumor site, for example, by means of a catheter. The mode of 
adnwnistration selected may depend on the dissociation rate of the product used and 
the excretion rate. 

[0068] The compositions of the present invention can be administered in free 
form or in pharmaceutically acceptable form, such as salts which may be prepared in 
conventional manner and exhibit the same order of activity as the free compounds. 

[0069] The compounds for use in the method of the present invention 
preferably are prepared shortly before being administered to a subject. More 
specifically, radiolabeling with the desired detectable metal ion, particularly the 
desired y-, or a- radionuclide, may be performed shortly before the administration. 
Thus prepared, they are suitable for imaging or treating tumors, including, but not 
limited to pituitary, gastroenteropancreatic, central nervous system, breast, prostatic, 
ovarian or colonic tumors, small cell lung cancer, paragangliomas, neuroblastomas, 
pheochromocytomas, medullary thyroid carcinomas, myelomas, and metastases 
thereof, as well as lymphomas. 
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[0070] Compositions according to the invention can be presented, for 
example, in a separate package with instructions for nfiixing the chelator-peptide 
product with the metal ion and for the administration of the resulting radiolabeled 
product. Another means for presenting the compounds is in twin-pack form, that is, as 
a single package containing separate unit dosages of the radioisotope and the 
detectable metal ion with instructions for mixing them and for administration of the 
product. A diluent or carrier may be present in the unit dosage forms. 

[0071] A preferred use of the polyhydroxamic acid-based chelators of this 
invention is in coupling to a somatostatin receptor-binding peptide. One such peptide 
is the hexapeptide having formula: 

Phe Trp 

I I 

Lys^ ^Lys 
Thr 

wherein Phe, Tyr, Trp, Lys, Thr, and Lys are the usual amino acids. This and 
other suitable peptides are disclosed in Tetrahedron Letters, 32 (36), 4675-4678 
(1991). Such cyclic hexapeptides can be linked via an isothiocyanato or carboxylate 
moiety to one of the polyhydroxamic acid-based compounds of the invention, and 
then optionally labeled with ^^Ga. 

[0072] Additional objects, advantages, and novel features of this invention 
will become apparent to those skilled in the art upon examination of the following 
examples thereof, which are not intended to be limiting. 

EXAMPLE 1 

Preparation of the ethylenediamine trishydroxamic acid chelators (EDTHA) 

[0073] Preparation of the ethylenediamine trishydroxamic acid chelators 
(EDTHA) of the present invention can be achieved in two similar approaches. Both 
pathways require a Michael addition of 2-(2-aminoethylamino) ethanol on acrylic acid 
derivatives. In the indirect method, the derivatives used are tert-hntyX or benzyl esters 
of acrylic acid. This reaction typically leads to the desired intermediate without 
producing a significant amount of by-product. Afterwards, the primary alcohol of the 
obtained adducts (1 or 8) is then protected with one of the following protective 
groups: mesityl (2,4,6-trimethylbenzoyl) ester, benzoyl ester, ^err-butyldiphenylsilyl 
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ether or transformed into a phthalimido group. The former protective group being 
more resistant to the reaction conditions encountered in the formation of the 
hydroxamate functions. The benzyl hydroxamates can be deprotected by a mild 
hydrogenolysis to give a new ethylenediaminetrishydroxamic acid chelator. On the 
other hand, an acrylhydroxamate derivative, (such as compounds 28, 30 or 32), is 
used in the more direct approach. 

[0074] A series of modifications on the 2-hydroxyethyl side chain of the 
obtained adducts have to be achieved to allow the attachment of the chelators to a 
substrate peptide or protein. 

[0075] The next two types of polyhydroxamic acid-based chelators (TPTHA 
and HBTDHA) have the common A^-[2-(l,3-diaminopropanyl)] succinamic acid 
skeleton which possesses the necessary alkyl extension that will act subsequently as a 
linker between the chelator and the peptide or protein. The synthesis of this key 
intermediate is depicted in Figure 2. 

[0076] In this synthesis, l,3-diamino-2-propanol undergoes a series of five 
chemical transformations that produces the desired methyl or benzyl A^-[2-(l,3-di(/^rr- 
butoxycarbonylamino)propanyl)] succinamates (14 and 15) in approximate overall 
yield of 53% and 57%, respectively. 

[0077] Removal of the two /erf-butoxycarbonyl protective groups on 
compound (14) provides benzyl A^-[2-(l,3-diaminopropanyl)] succinamate (16) which 
can be either condensed with salicylaldehyde to give the bis-(2-hydroxybenzylidene) 
derivative (24) or added via a Michael type reaction on an acrylic or a 
acrylhydroxamate ester to produce a tetrapropionate or tetrapropiohydroxamate 
derivative. Subsequent reduction of the imine functions on the bis-(2- 
hydroxybenzylidene) derivative (24) produced a compound that contains two 
secondary amines that can react with acrylic acid derivatives to ultimately produce the 
third class of polyhydroxamic acid-based chelators. 

[0078] Another approach, described in Fig. 5 produces the third class of 
disclosed chelators and consists of introducing the required functional groups that are 
responsible for the chelation of metal ions prior to the formation of the side chain that 
will provide the necessary linker moiety to attach the chelator to a peptide or protein. 
Protection of the phenolic functions must be performed before carrying out the rest of 



23 



DRXI-0144 



PATENT 



the reactions that will lead to the desired bifunctional chelator. 

[0079] Unless otherwise stated, all reactions were carried out in flame-dried 
flasks at room temperature under an argon atmosphere with magnetic stirring. After 
extractions, organic solvents were dried over magnesium sulfate (MgS04), filtered, 
and removed under reduced pressure on a rotary evaporator. HPLC grade solvents, 
starting materials, reagents, and deuterated solvents were purchased from Sigma- 
Aldrich Canada Ltd. (Oakville, On.) and used without further purification. 

[0080] NMR spectra were obtained on Bruker NMR instruments (Models 
AMX-300, ARX-400, AM-500, and DMX-600; University of Montreal, Quebec). 
Samples were dissolved in CDCI3, CD3OD, DMSO-da, or D2O and chemical shifts 
were reported as 5 values with the solvent or tetramethylsilane resonance as the 
internal standard. S (singlet), bs (broad signal), d (doublet), t (triplet), q (quartet), qn 
(quintuplet), and m (multiplet) define the signal multiplicity (app. = apparent). ^^C 
NMR were spectra were recorded on a Braker ARX-400 spectrometer at 100 MHz 
(and the degree of substitution of each carbon atom was determined by complete 
decoupling and DEPT composed 135° pulsed sequence experiments). For some of the 
more complex ^"^C NMR spectrum, the carbon and proton signals were assigned by 
heterocorrelation experiments. 

[0081] Infrared (IR) spectra (solution cells (sodium chloride)-CDCl3 as 
solvent or neat (sodium chloride disk)) were recorded on a Perkin-Elmer FTIR 1600 
infrared spectrophotometer. Melting points were determined on a Thomas Hoover 
capillary melting point apparatus and are uncorrected. Mass spectra (MS) were 
recorded either in the DCI (methane gas), EI (Electron lonisation) or ES 
(Electrospray) mode using either a Finnigan TSQ 4500 mass spectrometer (DCI, EI) 
or Finnigan TSQ 700 mass spectrometer (ES) and were recorded by Oneida Research 
Services, Inc. (Whitesboro, N.Y.). Flash chromatography was performed essentially 
as described in the literature (W. Clark Still et al.) using Merck silica gel 60 (230-400 
mesh) as stationary phase with the use of the following solvents: methanol, methylene 
chloride (dichloromethane), hexane, ethyl acetate, diethyl ether, and ammonium 
hydroxide (NH4OH). Instant thin layer chromatography (ITLC) was performed using 
Gelman's Silica gel (SG) chromatography paper. 
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EXAMPLE 2 

Synthesis of an ethylenediaminetrispropiohydroxamic acid chelator (EDTHA) 

iV^^Mris[2-(te/t-butoxycarbonyI)ethyl]-2-(2-aminoethylaniino)ethanol (1) 

[0082] A solution of 2-(2-aminoethylamino)ethanol (SmL; 5.15g; 
49.4mmole) in 35niL (30.905g; 241.1mmole) of /e/t-butyl acrylate was heated at 
reflux for 16.4 hours. The excess reagent was removed under reduced pressure and 
the resulting oil was purified by flash chromatography using a mixture of 
dichloromethane, methanol, and ammonium hydroxide (94:5:1) to elute the desired 
material. Fractions were collected and analyzed to determine which of these contain 
the product. Solvents were eliminated under vacuum to give 19.13g (79.2%) of 
A^JV^'-tris[2-(?e/t-butoxycarbonylethyl)]-2-(2-aminoethyl-amino)ethanol (1) as a 
pale yellow oil. 

[0083] *H NMR (in CDCI3; 400MHz): 3.52 (t, 2H. J= 5.0Hz, 
HOCH2CH2N(R)-), 2.80 (t, 2H, J= 

7.0Hz, -(R)NCH2CH2C02C(CH3)3), 2.73 (t, 4H, J= 7.5Hz, 

-(R)NCH2CH2C02C(CH3)3), 2.58 (t, 2H, J= 5.0Hz, HOCH2CH2N(R)-), 2.55 (m, 2H. - 
(R)NCH2CH2N(R)-), 2.48 (m, 2H, -(R)NCH2CH2N(R)-), 2.35 (t, 6H, J= 7.4Hz, - 
(R)NCil2CH2C02C(CH3)3), 1.43 (s, 9H, -C02C(CH3)3), and 1.42ppm (s, 18H, - 
C02C(CH3)3). NMR (in CDCI3; 75MHz): 172.0 (2C, -C02C(CH3)3), 171.8 (IC. - 
C02C(CH3)3), 80.5 (2C, -C02C(CH3)3), 80.3 (IC, 

-CO^(CH3)3), 59.6 (IC, HOCH2CH2N(R)-), 55.8 (IC, HOCH2CH2N(R)-), 52.4 (IC, 
-N(R)CH2CH2N(R)-), 51.9 (IC, -N(R)CH2CH2N(R)-), 50.5 (IC, 
-N(R)CH2CH2C02tBu), 49.3 (2C, -N(R)CH2CH2C02/Bu), 33.8 (IC, 
-N(R)CH2CH2C02tBu), 33.2 (2C, -N(R)CHCH2C02?Bu), and 28.0ppm (9C, 
-C02C(€H3)3). MS (m/z, EI): 490 (IVT+l), 489 (IVT), 415 (lvr-[(CH3)3COH]), 373 
(]Vr-[(CH3)302CCH3]), 299, 287, 286 (100%), 230, 202, 174, 146, and 57 ((CH3)3C'"). 
IR (film, NaCl disks): 3490 (0-H), 2975 (C-H), 2930 (C-H), 2820, 1725 (C =0), 1455, 
1390, 1365, 1255, 1155, 1030, 980, 950, 845, 750, and 730cm '. 

A^-[2-(2',4',6'-trimethylphenyIcarbonyloxy)ethyI]A,A^,A^'-tris[2- 
(tertbutoxycarbo-nyI)etliyl]-l,2-ethylenediamine (2) 
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[0084] Pyridine (l.SmL; 1.76g; 22.3mmole) was added to a solution of 
M^,N'-tris[2-(tert-butoxycarbonylethyl)]-2-'(2-aniinoethylaniino)ethanol (1) 
(2.1452g; 4.4nimole) solubilized in dry methylene chloride (20mL). This mixture was 
cooled to 0°C with an ice bath and a solution of 2,4,6-trimethylbenzoyl chloride 
(2.4338g; 13.3mmole) in dry dichloromethane was slowly added to it. The reaction 
mixture was stirred overnight while leaving its temperature raising gradually to 20°C. 
Water (125mL) was added to the mixture and the two layers were separated. The 
organic phase was washed another time with water (125mL) then with a saturated 
sodium bicarbonate solution (2x 125mL) and brine (150mL). The organic solution 
was dried over magnesium sulfate, filtered, and the solvent was removed under 
reduced pressure. The obtained residue was purified by flash chromatography on 
silica gel using a mixture of dichloromethane, ethyl acetate, and N,N- 
diisopropylethylamine (79.9/20/0.1) to elute the desired product. 2.29g (82.2%) of N- 
[2-(2' ,4' ,6' -trimethylphenylcarbonyloxy)ethyl],N,N,N' -tris[2-(tert- 
butoxycarbonyl)ethyl]'l,2-ethylenediamine (2) was recovered from the purification. 

[0085] NMR (in CDCI3; 300MHz): 7.26 (s, 2H, (CH0^aH9CO7-). 4.34 
(t, 2H, J=6.5Hz, (CH3)3C6H2C02CH2CH2N(R)«), 2.83 (t, 2H, J=6.8Hz, - 
(R)NCH2CH2C02C(CH3)3), 2.81 (t, 2H, J=6.4Hz, (CH3)3C6H2C02CH2CH2N(R)-), 
2.71 (t, 4H, J= 7.3Hz, -(R)NCH2-CH2C02C(CH3)3), 2.60 (m, 2H, - 
(R)NCH2CH2CN(R)-), 2.51 (m, 2H, -(R)NCH2-CH2CN(R)-), 2.36 (t, 2H, J= 7.7Hz, - 
(R)NCH2CH2C02C(CH3)3), 2.33 (t, 2H, J= 7.4Hz, -(R)NCH2CH2C02C(CH3)3), 2.29 

(S, 6H, CH3-C2^arom and CH3-C6'an>m), 2.27 (S, 3H, CH3-C4'arom), 1.44 (s, 18H, - 

C02C(CH3)3), and 1 .43ppm (s, 9H, -C02C(CH3)3). 
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iV42-(2%4%6'-trimethylphenylcarbonyloxy)ethyl]JJ,N,N'-tris[2. 

hydroxycarbonyl-ethyl]-l,2-ethylenediainine (3) 

[0086] A solution of tributyl ester (2) (142.2mg; 224pimole) in 6mL of dry 
dichloromethane was poured into a 25mL round bottom flask. This solution was 
stirred at room temperature and trifluoroacetic acid (6mL; 9.21g; 80.8mmole) was 
added to it. After 3.3 hours of reaction, the mixture was concentrated under reduced 
pressure. The residue was triturated twice with benzene and the solvent was removed 
under vacuum. O.IN Hydrochloric acid (15mL) was added to the residue and the 
resulting mixture was stirred for 15 minutes before removing the volatile substances. 
This process was repeated another time and the residual solid was dried by trituration 
with benzene (2x ISmL). The solid was then filtered and dried under vacuum. 

Ar-[2-(2%4%6.trimethylphenylcarbonyloxy)ethyl]^^^"- 
tris[2(benzyIoxyaiiiino-carbonylethyl)]-l,2-ethylenediamine (4) 

[0087] Trifluoroacetic acid (7.5mL; 11.5125g; lOlnmiole) and 
trisisopropylsilane (320|LiL; 247.4mg; L6nmfiole) were added to a solution of A^^-[2- 
(2',4',6'trimethyl-phenylcarbonyloxy)ethyl]^^^^^^-tris[2-(re/t- 
butoxycarbonyl)ethyl]-l,2-ethylenediami-ne (2) (392. 8mg; 0.6mmole) in dry 
dichloromethane (7.5mL). The reaction mixture was stirred at room temperature for 3 
hours and the volatile substances were removed under reduced pressure. The residue 
was treated with 30mL of O.IN hydrochloric acid for several minutes, then the 
niixture was concentrated under vacuum. This process was repeated another time and 
the final residue was dried overnight in vacuo. The desired material was used without 
further purification to achieve the next step. 

[0088] A suspension of the crude Ar-[2-(2\4',6'- 
trimethylphenylcarbonyloxy)ethyl],7V,Ar,7V'-tris[2-(hydroxycarbonylethyl)]-l,2- 
ethylenediamine dihydrochloride (5) (0.6nMnole) and O-benzyl hydroxylamine 
hydrochloride (743.3mg; 4.7mmole) in acetonitrile (20mL) was stirred at room 
temperature. l-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.468g; 
7.0mmole) and 4-(A^^-dimethylamino) pyridine (58.2mg; 0.48mmole) were added 
while stirring vigorously the mixture. Another quantity of 4-(iV,iV-dimethylamino) 
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pyridine (55mg; 0.45mmole) was added after two hours of reaction. The reaction 
continued for an extra 120 hours followed by the addition of water (125inL) and ethyl 
acetate (lOOmL). The two layers were separated and the aqueous one was extracted 
twice with lOOmL of ethyl acetate. The organic layers were combined, washed 
successively with 0.2M citric acid pH 5.25 (3x 125mL) and brine (3x lOOmL), dried 
on magnesium sulfate, filtered, and finally evaporated to dryness under reduced 
pressure. The resulting yellow oil (366mg) was purified by flash chromatography on 
silica gel using a mixture of dichloromethane and methanol (92:8) as eluent. The 
purification gave SlOmg (64.1%; two steps) of the desired compound (4) as a 
colorless oil. 

[0089] *H NMR (in CD3OD; 400MHz): 7.34 (m, 15H, -C(0)NHOCH2C6H5), 
6.83 (s, 2H, (CH3)3C6H2C02-), 4.82 (s, 4H. -C(0)NHOCH2C6H5), 4.74 (s, 2H, 
-C(0)NHOCH2C6H5), 4.34 (t, 2H, J= 6.0Hz, (CH3)3C6H2C02CH2CH2N(R)-), 2.80 (t, 
4H, J= 5.9Hz, -(R)NCH2CH2CONHOBn), 2.66 (t, 4H, J= 6.4Hz, 
-(R)NCH2CH2CONHOBn), 2.55 (m, 2H, -(R)NCH2CH2CN(R)-). 2.47 (m, 2H, 
-(R)NCH2CjEi2N(R)-), 2.23 (s, 6H, CH3-C2 arom and CHa-Ce arom), 2.22 (s, 3H, CH3- 
C4 arom), 2.21 (m, 2H, -(R)NCH2CH2CONHOBn), and 2.16ppm (t, 4H, J= 6.5Hz, 
-(R)NCH2CH2CONHOBn). *H NMR (in CDCI3; 400MHz): 9.83 (bs, 3H, 
-C(0)NHOCH2C6H5), 7.29 (m, 15H, -C(0)NHOCH2C6H5), 6.83 (s, 2H, 
(CH3)3C6H2C02-), 4.77 (s, 4H, -C(0)NHOCH2C6H5), 4.74 (s, 2H, 
-C(0)NHOCH2C6H5), 4.15 (t, 2H, J= 5.3Hz, (CH3)3C6H2C02CH2CH2N(R)-), 2.69 (t, 
2H, J=6.5Hz, -(R)NCH2CH2CONHOBn), 2.64 (t, 2H, J=6.0Hz, 
-(R)NCH2CH2CONHOBn), 2.55 (m, 4H, -(R)NCH2CH2-CONHOBn and 
(CH3)3C6H2C02CH2CH2N(R)-), 2.36 (m, 2H, -(R)NCH2CH2CN(R)-), 2.30 (m, 2H, 

-(R)NCH2-CH2CN(R)-), 2.26 (S, 3H, CH3-C4 arom), 2.24 (S, 6H, CH3-C2 aiom + CH3- 

Ce arom), 2.18 (t, 2H, J=6.6Hz, -(R)NCH2CH2CONHOBn), 2.07ppm (m, 4H, 
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-(R)NCH2CH2CONHOBn). MS (m/z, ES): 805.5 (M* + Na), 804.4 (NT+Na-IH, 

100%), 783.5 (]Vr+2), 782.5 (MT+I), 606.5, and 605.5. FT-IR (CDCI3, NaCl cells): 

3240 (bs, N-H), 3040 {C-H^m), 2950 (C-H), 2820 (C-HaUph), 1715 (C =0), 1705 (C 

=0), 1680 (C =0), 1495, 1460, 1365, 1265, 1170, and 1085cm-'. 

N, N,N'-tris[2-(benzyloxyaininocarbonyIethyl)]-2-(2-aininoethylamino)ethanol 

(5) 

[0090] 2-(2-aminoethylamino) ethanol (Sl.Smg; O.Smmole) was added to a 

solution of Nbenzyloxy acrylamide (30) (279.4mg; 1.6mmole) solubilized in 

tetrahydrofuran (lOmL). The resulting solution was heated at reflux for 24 hours and 

stirred at room temperature for 5 additional days. The solvent was then removed 

under to give 373mg of a yellow oil. The residue was purified by flash 

chromatography and a mixture of dichloromethane and methanol (90: 10) was used to 

elute the product. 255.5mg (81.4%) of the desired substance (5) was isolated from the 

purification as an almost colorless viscous oil. 

[0091] *H NMR (in CDCI3; 300MHz): 7.32 (m, 15H, -C(0)NHOCH2C<a5), 
4.83 (s, 2H, -C(0)NHOCH2C6H5), 4.79 (s, 4H, -C(0)NHOCH2C6H5), 3.43 (m, 2H, 
HOCH2CH2N(R)-). 2.63 (t, J= 6.6Hz, 2H), 2.57 (t, 4H, J= 5.3Hz), 2.42 (m, 2H, 
HOCH2CH2N(R)-), 2.34 (m, 2H), 2.31 (m, 2H), 2.20 (t, 2H, J= 6.5Hz), 2.15 (t, 4H, J= 
5.1Hz), 1.58ppm (bs, 3H, -C(0)NHOCH2C6H5). *H NMR (in Acetone-De; 300MHz): 
7.36 (m, 15H, Harom), 4.87 (s, 4H, -CONHCH2C6H5), 4.85 (s. 2H, -CONHCH2C6H5), 
3.53 (t, 2H, J= 5.4Hz, HOCH2CH2N(R)-), 2.80 (m, 9H), 2.67 (t, 2H, J=6.0Hz), 2.50 
(m, 7H), 2.22ppm (t, 6H, J=5.7Hz). NMR (in CDCI3; 75MHz): 170.9 (2C, 

-CH2CONHOCH2C6H5), 170.6 (IC, -CH2CONHOCH2C6H5), 135.4 (3C, -Ciarom), 
128.8 (6C, H-Czarom and H-Cgarom), 128.2 (9C, H-Caarom, H-C4arom, and H-Csarom), 77.7 

(3C, -CH2CONHOCH2C6H5), 59.0 (IC, HOCH2CH2NR-), 56.1 (IC, HOCH2CH2NR- 
), 52.6 (IC, -N(R)CH2CH2N(R)-), 52.1 (IC, -N(R)CH2CH2N(R)-), 49.9 (2C, 
-N(R)CH2CH2-CONHOBn), 49.7 (IC, -N(R)CH2CH2CONHOBn), 31.3 (2C, 



29 



DRXI-0144 



PATENT 



-N(R)CH2CH2CO-NHOBn), and Sl.lppm (IC, -N(R)CH2CH2CONHOBn). IR (film, 
NaCl disks): 3190 (bs, H-O and N-H). 3015 (C-Harom). 2980 (C-HaBph). 2810, 1650 (C 
=0), 1495, 1450, 1365, 1210, 1060, 1020, 905, 745, and 695cm '. 

iV-[2-(benzoyloxy)ethyl]^^^'-tris[2-(^«rt-butoxycarbonylethyl)]-l,2- 
ethylenedia-mine (6) 

[0092] Pyridine (420pL; 410.8mg; 5.2iiimoIe) was added to a cooled 
solution of terr-butyl hydroxytrispropionate (1) (826.9mg; l.Tmmole) dissolved in 
dichloromethane (20mL). The mixture was stirred at 0°C for about 10 minutes 
followed by the slow addition of benzoyl chloride (290.6mg; 2.1mmole). The 
temperature of the reaction mixture was kept at 0°C for one hour then it was left alone 
to warm up until it reaches room temperature. Water (~100mL) was added to the 
reaction after 67.3 hours. The organic layer was separated and washed two times with 
a saturated sodium bicarbonate solution (lOOmL each) and brine (lOOmL). The 
organic layer was then dried with magnesium sulfate, filtered, and the solvent was 
removed under vacuum. The residue was purified by flash chromatography 
(dichloromethane / ethyl acetate / iV.A^-diisopropyl-ethylamine; 79.9:20:0.1). iV-[2- 
(benzoyloxy)ethyl] JVJ^J^ '-tris[2-(/eAtbutoxycarbonyl-ethyl)]- 1 ,2-ethylenediamine (6) 
(81 1.7mg; 80.9%) was recovered after the purification. 

[0093] 'H NMR (in CDCI3, 300MHz): 8.04 (dd, 2H, J= 1.1 and 8.4Hz, H-Ca-arom and 
H-Ce-arom), 7.55 (t, IH, J= 7.5Hz, H-C4-arom), 7.43 (t, 2H, J= 7.5Hz, H-Cs-arom and H- 
Cs arom), 4.36 (t, 2H, J= 6.2Hz, C6H5C02CH2CH2N(R)-), 2.86 (t, 4H, J= 6.4Hz, 
C6H5C02CH2CH2N(R)- and -(R)NCH2CH2C02C(CH3)3), 2.73 (t, 4H, J= 7.3Hz, - 
(R)NCH2CH2C02C(CH3)3), 2.62 (m, 2H, -(R)NCH2CH2N(R)-), 2.53 (m, 2H, - 
(R)NCH2CH2N(R)-), 2.38 (t, 2H, J= 7.4Hz, -(R)NCH2CH2C02C(CH3)3), 2.34 (t, 4H, 
J= 7.3Hz, -(R)NCH2CH2C02C(CH3)3), and 1.43ppm (s, 27H, -C02C(CH3)3). MS 
(m/z, ES): 593 (NT), 519 (]Sr-[(CH3)3COH]), 477 CM*-[(CH3)3C02CCH3]), 306, 299, 
287, 286 (100%), 250, 230, 174, 149 (C6H5CC)2CH2CH2*), and 57 ((CH3)3C*). IR 
(film. NaCl disks): 2970 (C-H^, 2930 (C-HaHph), 2815 (C-HaBph), 1725 (C =0), 
1715 (C =0), 1450, 1390, 1365, 1310, 1270, 1150, 1110, 1065, 1025, 845, 750, and 
705cm"'. 
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N-[2-phthaliinidoethyl]^^,N'-tris[2-tert-butoxycarbonylethyI]-l,2-ethylenedm^ 
mine (7) 

[0094] Diethyl azodicarboxylate (SOOjiL; 553mg; 3.2mniole) was added to 
a cooled solution of A^^^'-tris[2-(rerf-butoxycarbonyIethyl)]-2-(2- 
aininoethylamino)ethanol (1) (621.2nig; l.Smmole), phthalimide (468. Img; 
3,2mmole), and triphenylphosphine (833. 7mg; 3.2mmole) dissolved in dry 
tetrahydrofuran (18mL). The reaction mixture was kept at 0°C for about an hour and 
stirred for another 21.75 hours while the temperature was left to warm up slowly. 
Water (lOmL) was added and the mixture was concentrated under reduced pressure to 
give 2.58g of a yellow solid. This residue was dissolved with a mixture of water and 
diethyl ether. The organic layer was washed two more times with water, dried with 
magnesium sulfate, and filtered. The solvent was removed under vacuum. The crude 
material was purified by flash chromatography on silica gel using a mixture of 
dichloromethane and ethyl acetate (70:30) to elute the compound. The purification 
produce 385mg (49%) iV-[2-phthalimidoethyl],A^^,7V'-tris[2-f^rf- 
butoxycarbonylethyl]-l,2-ethylenediamine (7) as a yellow oil. 

[0095] NMR (in CDCI3, 300MHz): 7.84 (dd, J= 3. 1 and 5.4Hz, H-Cs-arom 
and H-C6 arom), 7.70 (dd, 2H, J= 3.0 and 5.4Hz, H-C4 aron, and H-Cs arom), 3.75 (t, 2H, 
J= 6.7Hz, PhthHNCH2CH2N(R)-), 2.79 (t, 2H, J= 7.3Hz, - 
(R)NCH2CH2C02C(CH3)3), 2.71 (t, 6H, J= 7.4Hz, PhthHNCH2CH2N(R)- and - 
(R)NCH2CH2C02C(CH3)3), 2.56 (m, 2H, -(R)NCH2CH2N(R)-, 2.45 (m, 2H, - 
(R)NCH2CH2N(R)-), 2.33 (t, 4H, J= 7.4Hz, -(R)NCH2CH2C02C(CH3)3), 2.30 (t, 2H, 
J= 7.2Hz, -(R)NCH2CH2-C02C(CH3)3), 1-44 (s, 18H, -C02C(CH3)3), and 1 .39ppm 
(s, 9H, -C02C(CH3)3). 

N^9N'-tris[2-benzyloxycarbonylethyl]-2-(2-aminoethylainino)ethanol (8) 

[0096] A solution of 2-(2-aminoethylaniino) ethanol (4.6648g; 44.8nmiole) 
dissolved in 35mL of benzyl acrylate was heated at reflux for 24 hours. The excess 
reagent was removed under reduced pressure and the resulting oil was purified by 
flash chromatography using a mixture of dichloromethane and ethyl acetate (60:40) to 
elute the desired material. Fractions were collected and analyzed to determine which 
of these contain the product. Solvents were eliminated under vacuum to give 5.8g 



31 



DRXI-0144 



PATENT 



(21.9%) of A^^^'-tris[2-(benzyloxycarbonylethyl]-2-(2aminoethylamino) ethanol 
(8). 

[0097] NMR (in CDCI3; 300MHz): 7.37 (si, 15H, -CO2CH2C6H5), 5.10 
(s, 2H, -CO2CH2C6H5), 5.09 (s, 4H, -COzCHzCeHj), 3.49 (t, 2H, J= 5.0Hz, 
HOCH2CH2N(R)-), 2.82 (t, 2H, J= 6.9Hz, -N(R)CH2-CH2C02Bn), 2.76 (t. 6H, J= 
7.2Hz, HOCH2CH2N(R)- and -N(R)CH2CH2C02Bn), 2.49 (m, 4H, 
-N(R)CH2CH2N(R)-), and 2.47ppm (t, 6H, J= 6.9Hz, -N(R)CH2CH2C02Bn). IR 
(film, NaCl disks): 3460 (bs, H-O), 3060 (C-Hawm), 3015 (C-Harom), 2950 (C-Hauph), 
2810 (C-HaHph). 1735 (C=0, esters), 1495, 1455, 1370, 1255, 1170. 1025, 750, and 
695cm"'. 

iV-[2-(tert-butyldiphenyIsilyloxyethyl],iV^^'-tris[2-benzyloxycarbonyl-ethyl]- 
l^-ethylenediamine 

[0098] NJNJ^'-tris[2-(benzyloxycaibonylethyl]-2-(2-aminoethylamino) 
ethanol (8) (1.0734g; l.Smmole) was placed in a lOOmL round bottom flask and dry 
dichloromethane (30mL) was added to dissolve the product. Triethylamine (280^L; 
203mg; 2.0mmole) and 4-(NJ^-dimethylamino)pyridine (10.3mg; O.lmmole) were 
added to the solution and stirred for 15 minutes before adding 520|xL (549. 6mg; 
2.0mmole) of tert-butylchlorodiphenylsilane. The reaction mixture was stirred at 
room temperature for an additional 20.5 hours and then washed two times with water 
(50mL each washes) and 10% ammonium chloride (50mL each washes). The organic 
layer was dried with sodium sulfate, filtered, and concentrated under vacuum. 
Purification by flash chromatography (dichloromethane-.ethyl acetate; 85:15) gave 
0.85g (56.4%) of the desired compound (9) as an oil. 

[0099] 'H NMR (in CDCI3; 300MHz): 7.65 (dd, 4H, J=2.0 and 7.4Hz, H- 
C2'arom and H-Q'arom -phenyl from silyl ether), 7.33 (m, 21H, H-Carom - benzyl ester 
and phenyl from silyl ether), 5.07 (s, 4H, -CO2CH2C6H5), 5.05 (s, 2H, - 
CO2CH2C6H5), 3.63 (t, 2H. J= 6.5Hz, TBDPSOCH2CH2N(R)-), 2.77 (t, 2H, J= 7.3Hz, 
-N(R)CH2CH2C02Bn), 2.71 (t, 4H, J= 7.2Hz, -N(R)CH2CH2C02Bn), 2.57 (t, 2H, J= 
6.5Hz, TBDPSOCH2CH2N(R)-), 2.4 (m, lOH, -N(R)CH2CH2N(R)- and - 
N(R)CH2CH2C02Bn), and 1.02ppm (s, 9H, -OSi(Ph)2C(CH3)3). IR (film, NaCl 
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disks): 3060 (C-Ha«,m), 3015 (C-Ha,om), 2950 (C-HaUph), 2930 (C-HaUph). 2850 (C- 
Hauph), 1735 (C =0, ester), 1450, 1425, 1160, 1105, 730, and 695cm '. 

EXAMPLE 3 

Synthesis of a trisaminopropane tetrapropiohydroxamic acid chelator (TPTHA) 
iV''^^-bis(^ert-butoxycarbonyl)-l,3-diamino-2-propanol (10) 

[0100] A solution of 2-hydroxy-l,3-diaminopropane (1 1.88g; 0.132mole) in 
lOOmL of water was poured into a SOOmL round bottom flask and cooled to OCC with 
an ice bath. A mixture of tert-butyl dicarbonate (72.02g; 0.330mole-, 2.5eq) in 1,4- 
dioxane (150niL) was then added to the cooled solution. To the vigorously stirred 
reaction mixture was added sodium carbonate (29.57g; 0.279mole; 2. leq) in small 
portions. After 50 hours of reaction the solvent were eliminated under reduced 
pressure to give an off-white solid (37.72g). Recrystallisation of the residue with a 
mixture of diethyl ether and hexane produced the desired bisprotected l,3-diamino-2- 
propanol (10) as a white amorphous solid in excellent yield (35.00g; 91.4%). 

[0101] NMR (in CDCI3 + TMS; 300MHz): 5.12 (bs, 2H, 
BocHNCH2CH(OH)CH2NHBoc), 3.75 (tt, J=4.8 and 5.5Hz, IH, 
BocHNCH2CH(OH)CH2NHBoc). 3.28 (dd, J=4.1 and 14.2Hz, 2H, 
BocHNCHaCH(OH)CHaNHBoc), 3.16 (dd, J=5.4 and 14.3Hz, 2H, 
BocHNCHpCH(OH)CHpNHBoc), 2.53 (bs, IH, BocHNCH2CH(OH)CH2NHBoc), 
and 1.45ppm (s, 18H, -NHC02C(CH3)3). NMR (in CDCI3; lOOMHz): 157.66 
(2C, -HNC02C(CH3)3). 80.26 (2C, -HNC02£(CH3)3), 71.56 (IC, 
BocHNCH2CH(OH)-CH2NHBoc), 44.00 (2C, BocHNCH2CH(OH)CH2NHBoc), 
28.79ppm (6C, -HNC02C(CH3)3). MS (m/z, EI): 292, 291 (M*+l), 236, 235, 180, 
179, 178, 161, 160, 159, 135, 117, 116, 105, 104 (100%), 87, 76, and 75. FT-IR 
(CDCI3, NaCl cells): 3456 (-OH), 2981(C-Hauph&arom), 2934 (C-Hauph&arom), 1701 
(C=0), 1508, 1368, 1250, and 1167cm''. 

A^'^-bis(fe/t-butoxycarbonyl)-2-methanesulfonyloxy-l,3-diaiiiinopropane (11) 

[0102] A mixture of the diprotected l,3-diamino-2-propanol (10) (15.0g; 
51.7mmole) and triethylamine (1 1.6mL; 8.42g; 83.2mmole) in SOmL of dry 
dichloromethane was cooled to 0°C with an ice bath. Methanesulfonyl chloride (5niL; 
7.4g; 64.6mmole) was then slowly added. The reaction mixture was kept at 0°C for 
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about two hours and then stirred overnight while the reaction was allowed to warm to 
room temperature. Water (40mL) was added and the two layers were separated. The 
aqueous layer was extracted with dichloromethane, and the combined extracts were 
dried with magnesium sulfate and filtered. The filtrate was concentrated by rotatory 
evaporation to give a yellow solid. The residue was triturated with a hot mixture of 
hexane and ether, filtered and dried under reduced pressure. This purification gave 
16.08g (84.5%) of the di-(ferr-butoxycarbonylamino) mesylate (11) as a pale beige 
solid. 

[0103] NMR (in CDCI3; 300MHz): 5.16 (bs, 2H, 
BocHNCH2CH(OMs)CH2NHBoc), 4.67 (qn, J= 4.8Hz, IH, 
BocHNCH2CH(OMs)CH2NHBoc), 3.50 (ddd, 2H, J=4.5, 7.3, and 14.7Hz, 
BocHNCHaCH(OMs)CHaNHBoc), 331 (dt, J = 5.8 and 14.7Hz, 2H, 
BocHNCH3CH(OMs)CHpNHBoc), 3.34 (s, 3H, -CHCOSOaCHs)-) and 1.45ppm (s, 
18H, «NHC02C(CH3)3). ^^C NMR (in CDCI3; lOOMHz): 156.74 (2C, - 
HNC02C(CH3)3), 80.47 (2C, -NHC02C(CH3)3), 79.46 (IC, 

BocHNCH2CH(OMs)CH2NHBoc), 41.21 (2C, BocHNCH2CH(OMs)CH2NHBoc), 
38.58 (IC, -OSO2CH3), and 28.73ppm (6C, -HNC02C(CH3)3). MS (m/z, EI): 368 (w, 
M^), 282, 239, 215, 195, 177, 159 (100%), 143, 116, 115, 104, and 99. FT-IR 
(CDCI3, NaCl cells): 3455 (-OH), 2982 (C-HaUph&arom), 1708 (C =0), 1509, 1368, 
1247, and 1176cm ^ 

iV^9iV^-bis-(^^/t-butoxycarbonyl)-2-azido-l,3-diaininopropane (12) 

[0104] To a solution of the di-(fe/t-butoxycarbonylamino) mesylate (11) 
(4.0334g; 10.9mmole) in A^,A^-dimethylformamide (40mL) was added sodium azide 
(2.857g; 43.9mmole). The reaction mixture was stirred at 70°C for 24 hours. The 
solvent was removed in vacuo and the residue was redissolved in ethyl acetate 
(125mL) and water (125mL). The two layers were separated and the aqueous layer 
was extracted two more times with ethyl acetate. The combined organic layers were 
dried over magnesium sulfate, filtered, and evaporated in vacuo. The almost colorless 
oil was purified by flash column chromatography using a mixture of hexane-ethyl 
acetate (75:25). The purification produced 3.24g (93.9%) of ^^-his-{tert- 
butoxycarbonyl)-2-azido-l,3-diaminopropane (12) as a white soHd. 
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[0105] *H NMR (in CDCI3; 500MHz): 5.08 
(BocipCH2CH(N3)CH2NHBoc), 3.65 (tapp, IH, J=5.2Hz, 

BocHNCH2CH(N3)CH2NHBoc), 3.38 (m, 2H, BocHNCHaCH(N3)-CHaNHBoc), 
3.14 (m. 2H, BocHNCifcCH(N3)CHpNHBoc), and 1.45ppm (-NHC02C(CH3)3). "C 
NMR (in CDCI3; lOOMHz): 156.62 (2, -HNC02C(CH3)3), 80.33 (2C, - 
HNCOC(CH3)3), 61.34 (IC, BocHNCH2CH(N3)CH2NHBoc), 41.21 (2C, 
BocHNCH2CH(N3)CH2NHBoc), and 28.76 (6C, -NHC02C(CH3)3). MS (m/z, EI): 
317, 316 (M*+l), 261, 260, 216, 215 (M+-C5H8O2), 205, 204 (100; C5H9O2), 187, 
186, 175, 161, 160, 159, 149, 148, 143, 142. 130, 129. 116, 115, 103, 102, 101, 97. 
86. 85, 84. 76, 75, 74, and 71. 

N , Ar-bis-(^e/t-butoxycarbonyl)-l,2,3-triaminopropane (13) 

[0106] A solution of A^^^'^-bis-(r^At-butoxycarbonyl)-2-azido-l,3- 
diaminopropane (12) (1.1502g; 3.65mmole) in methanol (35mL) was poured into a 
Parr hydrogenation bottle. A palladium catalyst (10%/C; 174mg) was added to the 
solution and the resulting mixture was placed in a Parr hydrogenation apparatus. The 
mixture was degassed under reduced pressure followed by the introduction of a 
hydrogen atmosphere (50psi). The reaction was vigorously shaken for 17.5 hours and 
the hydrogen was removed in vacuo. The catalyst was then filtered off over celite and 
the filtrate was concentrated by rotatory evaporation to give a white solid (1.019g; 
96,6%). 

[0107] NMR (in CDCI3; 600MHz): 5.20 (bs, 2H, 
BocHNCH2CH(NH2)CH2NHBoc), 3.14 (m, 2H, BocHNCHaCH(NH2)CHaNHBoc), 
3.08 (m, 2H, BocHNCHpCH(NH2)-CHpNHBoc), 2.93 (qn, IH, J= 5.5Hz, 
BocHNCH2CH(NH2)CH2NHBoc), and 1.44ppm (s, 18H, -NHC02C(CH3)3). 

NMR (CDCI3; lOOMHz): 157,08 (2C, .HNC02C(CH3)3), 79.87 (2C, - 
HNC02C(CH3)3), 51.79 (IC, BocHNCH2CH(NH2)CH2NHBoc), 44.11 (2C, 
BocHNCH2CH(NH2)CH2NHBoc), and 28.81ppm (6C, «NHC02C(CH3)3). MS (m/z, 
EI): 290 (w, + 1), 160, 103 (100%), 85, 59, 57 ((CH3)3C^), 43, and 41. 

Benzyl N-[2-[l^-bis(ferr-butoxycarbonylaiiiino)]propyl] succinamate (14) 

[0108] In a 25mL flame-dried three-necked, round-bottom flask equipped 
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with an addition funnel, a septum, and a stopper are placed mono-benzyl succinate 
(19) (433.5nig; 2.1inmole), l-hydroxybenzotriazole hydrate (282.4mg; 2.09inmole), 
iVJV-diisopropylethylamine (546nL; 405mg; 3.1mmole), and dry ethyl acetate 
(lOmL). The resulting solution was cooled to 0°C with an ice bath followed by 
addition of 2.09mL (2.09nimole) of a IM iV,7V'-dicyclohexylcarbodiimide in 
dichloromethane solution. The mixture was stirred for ten minutes under an 
atmosphere of argon before adding slowly a solution of n' J^-his-(itert- 
butoxycarbonyl)-l,2,3-triaminopropane (13) (603. 7mg; 2.08mmole) dissolved in 
lOmL of dry ethyl acetate. After 17.7hours at room temperature, the reaction mixture 
was filtered on celite. The filtrate was washed with a saturated solution of sodium 
bicarbonate (3xl20mL), 10% citric acid (3xl20niL), saturated sodium bicarbonate 
(lxl20mL), and water (2xl20mL). The organic layer was dried with magnesium 
sulfate, filtered, and concentrated under reduce pressure before being 
chromatographed on silica gel eluting with a mixture of dichloromethane and ethyl 
acetate (65:35). The purification produced 815mg (81.5%) of the desired material 
(14). 

[0109] NMR (in CDCI3; 600MHz): 7.42 (m, 5H, -CH2CO2CH2C6H5), 
6.96 (bs, IH, -HNC(0)CH2CH2C02Bn), 5.36 (bs, 2H, 

BocHNCH2CH(R)CH2NHBoc), 5.17 (s, 2H, -CH2CO2CH2C6H5), 3.80 (bs, IH, 
BocHNCH2CH(R)CH2NHBoc), 3.36 (m, 2H, BocHNCHaCH(R)CHaNHBoc), 3.20 
(m, 2H, BocHNCHpCH(NH2)CIfcNHBoc), 2.75 (t, 2H, J= 6.9Hz, 
-HNC(0)CH2CH2C02CH2C6H5), 2.52 (t, 2H, J= 6.9Hz, 

-HNC(0)CH2CH2C02CH2C6H5), and 1.49ppm (s, 18H, -NHC02C(CH3)3). ^'CNMR 
(CDCI3; 150MHz): 173.05 (IC, -HNC(0)CH2CH2C02Bn), 172.24 (IC, -HNC(O)- 
CH2CH2C02Bn), 157.85 (2C, -HNC02C(CH3)3), 136.27 (IC, -COzCHzCi arom), 

128.97 (2C, H-C2 arom and H-Ca arom), 128.66 (IC, H-C4.arom), 128.64 (2C, H-Ca-arom 

and H-Cs arom), 80.24 (2C, -HNC02C(CH3)3), 66.91 (IC, 

-HNC(0)CH2CH2C02CH2C6H5). 53.06 (IC, BocHNCH2CH(R)CH2NHBoc), 
41.15 (2C, BocHNCH2CH(R)CH2^fHBoc), 31.46 (IC, 

-HNC(0)CH2CH2C02CH2C6H5), 29.97 (IC, -HNC(0)CH2£H2-C02CH2C6H5), and 
28.77ppm (6C, -NHC02C(CH3)3). MS (m/z, EI): 481, 480 (w, + 1), 424, 414, 
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350, 306, 294, 293 (100%), 250, 249, 233, 224, 216, 215, 208, 193, 191, 160, 159, 
149 (C6H5CH202CH2^), 133, and 91 (CeHsCHa"^). 

Methyl N-[2-[l,3-bis-(fe/t-butoxycarbonylamino)]propyl] succinamate (15) 

[01101 In a 25mL flame-dried three necked, round-bottom flask equipped 

with an addition funnel, a septum, a stopper, and a magnetic stirring bar are placed 

mono-mcihyl succinamate (20) (4593mg; 3.5mmole), 1-hydroxybenzotriazole 

hydrate (469.8mg; 3.5mmole), iV,A^-diisopropylethylamine (606|xL; 449.7mg; 

3.5nmiole), and dry ethyl acetate (lOmL). The resulting solution was cooled to 0°C 

with an ice bath followed by addition of 3.48mL (3.48mmole) of IM 1,3- 

dicyclohexylcarbodiimide in dichloromethane. The mixture was stirred for ten 

minutes under an atmosphere of argon before adding slowly a solution of iV^ JV^-bis- 

(rerr-butoxycarbonyl)-l,2,3-triaminopropane (13) (l.OOOlg; 3.5mmole) dissolved in 

5mL of dry ethyl acetate. After 23.8 hours at room temperature, the reaction mixture 

was filtered on celite. The filtrate was washed with a solution of 10% citric acid 

(3xl00mL), water (IxlOOmL), sodium bicarbonate (IxlOOmL), and finally saturated 

sodium chloride solution (2xl00mL). The organic layer was dried with magnesium 

sulfate, filtered, and concentrated under reduced pressure before being 

chromatographed on silica gel eluting with a mixture of dichloromethane and 

methanol (95:5). The purification produced 1072.5mg (76.5%) of the desired material 

(15). 

[0111] NMR (CDCI3; 600MHz): 7.31 (bs, IH, - 
HNCOCH2CH2CO2CH3), 5.39 (bs, 2H, BocNHCH2CH(R)CH2NHBoc), 3.83 (bs, IH, 
BocHNCH2CH(R)CH2NHBoc), 3,72 (s, 3H, -CH2CO2CH3), 3.38 (m, 2H, 
BocHNCHaCH(R)CHctNHBoc), 3.22 (m, 2H, BocHNCHpCHCHpNHBoc), 2.69 (t. 
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2H, J=6.9Hz, -NHC(0)CH2CH2C02CH3), 2.50 (t, 2H, J=6.9Hz, - 
NHC(0)CH2CH2C02CH3), and 1.48ppm (s, 18H, -NHC02C(CH3)3). ^'C NMR 
(CDCI3; 150MHz): 173.86 (IC, -NHC(0)CH2CH2C02CH3), 172.51 (IC, 
-NHC(0)CH2CH2C02CH3), 158.01 (IC, -NHC02C(CH3)3), 80.41 (3C, -HNCO2- 
C(CH3)3), 53.17 (IC, BocHNCH2CH(R)CH2NHBoc), 52.38 (IC, -NHC(0)CH2CH2- 
CO2CH3), 41.40 (2C, BocHNCH2CH(R)CH2NHBoc), 31.64 (IC, -NHCOCH2CH2- 
CO2CH3), 29.90 (IC, -NHCOCH2-CH2CO2CH3), and 28.95ppm (6C, 
-NHC02C(CH3)3). MS (m/z, EI): 405 (M* +1), 404 (M*), 348, 274, 217 (M*- 
[C(CH3)3] -[CH3O2CCH2CH2CONH-]), 173 (NT -[C02C(CH3)3] -[CH3O2CCH2- 
CH2CONH-]), 159, 157 (IVT -[H2NC02C(CH3)3] -[CH3O2CCH2CH2-CONH-]), 116, 
115 (100%, CH3O2CCH2CH2CO-), 103, 59 (CH3O2C-), 57 C'C(CH3)3), 55, and 41. 
Benzyl N-[2-(l,3-dianuno)propyI] succinamate dihydrochlorlde (16) 

[0112] Benzyl N-[2[l,3-bis(ferr-butyIoxycarbonylamino)propyl] 
succinamate (14) (684. Img; 1.4nimole) was treated at room temperature with lOmL 
of a l.OM hydrochloric acid solution in ethyl acetate for 75 minutes. An additional 
quantity (lOmL) of the acid solution was added while stirring at room temperature for 
another 3.25 hours. The white precipitate was filtered off the reaction mixture with a 
sintered glass funnel (fine porosity). The white solid was then dried under vacuum for 
several hours. The hydrolysis reaction produced 419mg (83.4%) of the benzyl N- 
(r,3'-diamino-2' -propyl) succinamate dihydrochlorlde (16) . 

[0113] *H NMR (CD3OD; 600MHz): 7.38 (m, 5H, - 
NHCOCH2CH2C02CH2C<Ji5), 5.17 (s, 2H, -NHC(0)CH2CH2C02CH2C6H5), 4.47 (tt, 
IH, J= 3.8 and 10.3Hz, H3^CH2CH(R)-CH2N^3), 3.28 (dd, 2H, J= 3.8 and 13.2Hz, 
H2NCH«CH(R)CHaNH2), 3.14 (dd, 2H, J= 10.3 and 13.2Hz, H2NCHpCH(R)- 
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CHpNHz), 2.79 (t, 2H, J= 6.7Hz, -NHCOCH2.CH2CO2CH2C6H5), and 2.66ppm (t, 
2H, J= 6.7Hz, -NHCOCH2CH2CO2CH2C6H5). ^^C NMR (CD3OD; 150MHz): 175.09 
(IC, -HN(0)CCH2CH2C02Bn), 174.22 (IC, -HN(0)CCH2CH2C02Bn), 136.36 (IC, - 

C02CH2-Craroin)> 128.59 (2C , H-C3'arom and H-Cs'aiom), 128.31 (IC, H-C4'aroin)) 

128.18 (2C, H-Cz arom andH-Cfi arom), 66.76 (IC. -HNC(0)CH2CH2C02CH2C6H5), 
46.42 (IC, H2NCH2CH(R)CH2NH2), 41.08 (2C, H2NCH2CH(R)CH2NH2), 30.50 (IC, 
-HNC(0)CH2CH2C02CH2C6H5), and 29.07ppm (IC, - 

HNC(0)CH2CH2C02CH2C6H5). MS (m/z, EI): 281 (M* +2H'), 280 (M* +H*), 262, 
249, 233, 232, 231, 132 (M*+2-[C6H5CH202CCH2]), 108, 107 (C6H5CH20-'), 91 
(100%, C6H5CH2"'), 79, and 72. 

iV^ N\ N^, A^-tetra[2'-(te/t-butoxycarbonyI)ethyl]-l^-diamino-2-propanol (17) 
[0114] A mixture of l,3-diamino-2-propanol (2.023g; 22.4nmiole) and tert- 
butyl acrylate (24mL; 21.192g; 165.3mmole) was heated at reflux with stirring, and 
under an atmosphere of argon, for a period of 6 days. The reaction mixture was then 
cooled and concentrated under reduced pressure. Purification by flash 
chromatography using a mixture of dichloromethane and methanol (96:4) as eluent 
gave 11.51g (85%) of the desired product (17) as a yellow oil. 
Benzyl iV-[2-[A^^,N^^^^-tetra[2'-(te/f-butoxycarbonyl)ethyl]-l,3- 
diaminopropyl]] succinamate (18) 

[0115] iV,iV-Diisopropylethylamine (728|xL; 540.2mg; 4.2mmole) was added 
to a suspension of benzyl iV-(r,3'-diamino-2'-propyl) succinamate dihydrochloride 
(16 ; Immole) in dry tetrahydrofuran (20mL). This mixture was stirred at room 
temperature until all the material has been dissolved. Tert-butyl acrylate (850nL; 
750.6mg; 5.9mmole) was then added and the solution was heated at reflux for 68.7 



39 



DRXI-0144 PATENT 

hours. The excess reagents were removed under reduced pressure and the obtained 
residue was purified by flash chromatography on a silica gel column. The product was 
eluted with a mixture of dichloromethane and methanol (85:15). The collected 
fractions were analyzed and the ones containing the desired product were combined 
and concentrated under vacuum. The purification produced 790mg (95.5%) of benzyl 
Ar-[2-[A^^//^A^,Ar^-tetra[2'-(rerf-butoxycarbonyl)ethyl]-l,3-dianiino (18) 
succinamate as a hygroscopic yellow solid, 
mono-benzyl succinate (19) 

[0116] A mixture of succinic anhydride (8.06g; 80.5nmiole) and benzyl 
alcohol (lOmL; 10.45g; 96.6mmole) was shaken vigorously while heated at reflux 
with a steam bath until all the succinic anhydride has been dissolved (a period of 
about 32 minutes). The flask was then immerse in the steam bath and the mixture was 
heated at reflux for an additional 60 minutes. The excess of benzyl alcohol was 
removed under reduced pressure and the residue was cooled with an ice bath. The 
white precipitate was filtered off and triturated with water. The solid was dried under 
vacuum until constant weight. Thus, mono-benzyl succinate (19) was recovered in an 
excellent yield of 97.8% (16.396g). 

[0117] NMR (in CDCI3; 400MHz): 7.36 (m, 5H, 
C6H5CH2O2CCH2CH2CO2H), 5.16 (s, 2H, C6H5CH2O2CCH2CH2CO2H), 2.70ppm 
(m, 4H, C6H5CH202CCH2CIfcC02H). NMR (in CDCI3; lOOMHz): 178.66 
(IC, C6H5CH2O2CCH2CH2CO2H), 172.39 (IC, C6H5CH2-O2CCH2CH2CO2H), 
136.08 (IC, C02CH2-Crarom), 129.00 (2C, H-Ca-arom and H-Cs'aiom), 128.72 (IC, H- 

C4'aiom), 128.63 (2C, H-Ca^arom and H-C6'aiom), 67.08 (IC, C6H5CH2O2C- 
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» 

CH2CH2CO2H), 29.32 (IC, C6H5CH2O2CCH2CH2CO2H), and 29.29ppm (IC, 

C6H5CH2O2CCH2CH2CO2H). 

mo/io-methyl succinate (20) 

[0118] A mixture of succinic anhydride (80.02g; 799.6inmole) and dry 
methanol (38.9mL; 30.77g; 960.4mmole) was shaken vigorously while heated at 
reflux with a steam bath until all the succinic anhydride had been dissolved (a period 
of about 18 minutes). The flask was then immerse in the steam bath and the mixture 
was heated at reflux for an additional 25 minutes. The excess of methanol was 
removed under reduced pressure and the residue was cooled with an ice bath. The 
white precipitate was filtered off and triturated with water. The solid was dried under 
vacuum until constant weight. Thus, m(?no-methyl succinate (20) was recovered in an 
excellent yield of 93.6% (98.886g). 

[0119] *H NMR (in CDCI3; 400MHz): 3.71 (s, 3H, CH3O2CCH2CH2CO2H), 
2.71 (dd, IH, J= 2.1 and 5.8Hz, CH302CCHaCH2C02H), 2.69 (dd, IH, J= 1.2 and 
5.7Hz, CH3O2C-CHPCH2CO2H), 2.65 (dd, IH, J= 1.1 and 5.6Hz, 
CH302CCH2CHaC02H), and 2.63ppm (dd. IH, J= 2.1 and 5.8Hz, 
CH3O2CCH2CHPCO2H). NMR (in CDCI3; lOOMHz): 178.75 (IC, 
CH3O2CCH2CH2CO2H), 173.04 (IC, CH3O2CCH2CH2CO2H), 52.40 (IC, 
CH3O2CCH2CH2CO2H), 29.33 (IC, CH3O2CCH2CH2CO2H), and 29.02ppm 
(CH3O2C-CH2CH2CO2H). Melting Point: 55.5 to 57°C. 
EXAMPLE 4 

Synthesis of a trisaminopropane bis-[2'-hydroxybenzyl] dihydroxamic acid 
chelator (HBTDHA) 

iV' A^-[bis(2'-hydroxybenzylidene)]- l,3-dianuno-2-propanol (21) 
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[0120] Salicylaldehyde (13.6125g; 1 1 1 .Smmole) and benzene (60mL) are 
placed in a 200mL round bottom flask equipped with a Dean-Stark and a condenser. 
l,3-diamino-2-propanol (5.0232g; 55.7mmole) and an additional quantity of benzene 
are added with stirring. The reaction mixture was then heated to reflux for 23.4 hours. 
A yellow solid precipitate upon cooling the mixture. The desired compound was 
obtained after filtration and washing with benzene. The reaction produced 14.987g 
(90.1%) of N',N^-bis(2'-hydroxybenzylidene)-l,3-diamino-2-propanol (21) after 
drying under vacuum. 

[0121] *H NMR (CDCI3; 400MHz): 8.41 (s, 2H, HOC6H4CH=N-), 7.33 
(ddd, 2H, J= 1.7, 7.3 and 8.3Hz, H-C4 a«,m), 7.30 (dd, 2H, J = 1.7 and 7.6Hz, H- 
Q arom), 6.97 (dt, J =0.5 and 8.3Hz, H-Cs aiom), 6.90 (tt, 2H, J= 0.5 and 7.6Hz, H- 
Cs-arom), 4.29 (U, IH, J= 4.5 and 6.6Hz, 

HOC6H4CH=NCH2CH(OH)CH2N=CHC6H40H), 3.88 (ddd, 2H, J= 1.2, 4.5, and 
12.4Hz, HOC6H4CH=NCH„CH(OH)CHaN=CHC6H40H), and 3.73ppm (ddd, 2H, J= 
0.9, 6.7, and 12.4Hz, HOC6H4CH=NCHpCH(OH)CHpN=CHC6H40H). NMR 
(CDCI3; lOOMHz): 167.90 (HOC6H4-CH=NCH2CH(OH)CH2N=CHC6H40H), 161.44 

(HO-C2 an,m), 133.06 (H-C4 arom), 132.03 (H-Ce arom), 119.24 (H-Cs arom), 119.06 
(R-N=CH-Crarom), 117.45 (H-C3 arom), 70.91 

(HOC6H4CH=NCH2CH(OH)CH2N=CH-C6H40H),63.66ppm 
(HOC6H4CH=NCH2CH(OH)CH2N=CHC6H40H). MS (m/z, EI): 299, 298, 165, 164 
(100%), 135, 134, 107, and 77. 

N',^^-[bis(2'-hydroxybeiizyl)]-l^-diaiiiino-2-propanol(22) 

[0122] A solution of iV^,iV*-bis-(2'-hydroxybenzylidene)-l,3-diamino-2- 
propanol (21) (4.0878g; 13.7nmiole) in methanol (120mL) was poured into a Parr 
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hydrogenation bottle. Palladium on charcoal (10%; 133.6mg) was added to the 
solution and the resulting mixture was placed in a Parr hydrogenation apparatus. The 
mixture was degassed under reduced pressure followed by the introduction of a 
hydrogen atmosphere (40psi). The reaction was vigorously shaken for 27.25 hours 
and the hydrogen was removed in vacuo. The catalyst was then filtered off over celite 
and the filtrate was concentrated by rotatory evaporation and dried under reduced 
pressure to give an off-white fluffy solid (3.91g). The crude material was purified by 
flash chromatography using a mixture of dichloromethane, methanol, and ammonium 
hydroxide (84/15/1) as eluent. The fractions containing the desired substance were 
combined and the solvents were removed under vacuum to give 3.572g (86.2%) of 
iV^,A^-bis(2'-hydroxybenzyl)-l,3-diamino-2-propanol (22). 

[0123] *H NMR (CDCI3; 600MHz): 7.31 (t, 2H, J = 8.0Hz, H-C4 aH«n), 7.20 
(d, 2H, J = 7.4Hz, H-Ce-amm), 6.86 (d, 2H, J= 8.0Hz, U-Cy^), 6.82 (t, 2H, J 7.4Hz, 
H-Cs'arom), 6.08 (bs, 5H, -OH (arom. and aliph.) and -NH), 4.03 (m, IH, 
C6H4(OH)CH2HNCH2CH(OH)-CH2NHCH2C6H4(OH)), 4.03 (d, 2H, J= 13.8Hz, 
C6H4(OH)CHaNHCH2CH(OH)CH2JSfHCHaC6H4(OH)), 3.99 (d, 2H, J= 13.8Hz, 
C6H4(OH)CHpHNCH2CH(OH)-CH2NHCHpC6H4(OH)), 2.71 (dd, 2H, J= 3.3 and 
12.3Hz, C6H4(OH)CH2HN-CHaCH(OH)CHaNHCH2C6H4(OH)), 2.67ppm (dd, 2H, 
J= 8.2 and 12.3Hz, C6H4(OH)-CH2HNCHpCH(OH)CHpNHCH2C6H4(OH)). "C 
NMR (CDCI3; 150MHz): 158.28 (2C, HO-C2 a«,m)), 129.53 (2C, H-Ce-arom). 129.21 

(2C, H-C4.an)m), 112.29 (2C, -HNCH2-C,.aK«n), 119.67 (2C, H-Cs arom). 116.89 (2C, H- 

Cs aiom). 69.05 (IC, -HNCH2CH(OH)-CH2NH), 52.66 (2C, -HNCH2CH(OH)CH2NH- 
), and 52.44ppm (2C, C6H5CH2NH-). MS (m/z, EI): 304 (M*+2), 303 (IVT+l), 162, 
136, 123, 122 (HO-C6H4CH2NH'), 107 (100%, HOC6H4CH2*), 77, 56, and 44. FT-IR 
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(CDCI3, NaCl cells): 3650 to 2600 (bs, N-H, H-O (phenol, alkyl), C-Ha«,m, CHaUph), 
1817, 1794, 1701, 1256, 1187, 1152, 1104, 1036, 1015, and 890cm \ 
N^^^.[bis(2'-hydroxybenzyl)]-N^^^-[bis[2-[N'-methyl^^a^^^^ 
butyIdiphenylsilyl-oxy)aininocarbonyl]ethyI]]-l,3-diaiiiino-2-propanol (23) 

[0124] To a solution of iV-methyl,A^-(ferr-butyldiphenylsilyloxy)acrylaniide 
(28) (723.1mg, 2.1nmiole) in 30mL of tetrahydrofuran, //^,A^-bis-(2'-hydroxybenzyl)- 
l,3-dianiino-2-propanol (22) (254.7mg; O.Smmole) was added. The resulting solution 
was stirred and heated at reflux for 46.7 hours. The volatile substances were removed 
under reduced pressure after cooling the reaction mixture. The residue (l.lg of a 
yellow oil) was purified by flash chromatography using a mixture of dichloromethane, 
methanol, and iV,A^-diisopropylethylamine (79.8/20/0.2) to elute the desired 
bishydroxamate. The fractions containing the product were combined and the solvents 
were eliminated under vacuum. 596.7mg (72.2%) of iV^^-[bis(2'-hyd^oxybenzyl)]- 
A^'^-[bis[2-(A^'-methyl^'-(^«r^-butyldiphenylsilyloxy)aminoca^bonyl]ethyl]]l,3- 
diamino-2-propanol (23) as a colorless oil was obtained after the purification. 

[0125] *H NMR (CDCI3; 600MHz): 7.68 (d, 8H, J= 6.9Hz, H- 
C3",4"&5"aromOf -OSi(Ph)2r-Bu), 7.42 (m, 12H, H-C2"&6"aromOf -OSi(Ph)2r-Bu), 7.20 (t, 
2H, J= 7.3Hz, H-C4 a«,m), 6.92 (d, 2H, J=7.2Hz, H-Ce arom), 6.86 (d, 2H, J= 8.1Hz, H- 
Ca arom), 6.79 (t, 2H, J= 7.3Hz, H-Cs arom). 4.1 1 (bs. IH, - 

HNCH2CH(OH)CH2NH-), 3.60 (m, 4H), 3.17 (s, 6H, -CON(CH3)OTBDPS), 2.55 (m, 
IIH), 1.60 (m, 2H), 1.49 (d, IH, J= 6.7Hz), and 1.18ppm (s, 18H, -OSi(Ph)2C(CH3)3). 
"C NMR (CDCI3; 150MHz): 158.16 (2C, HO-Qi-^, 136.75, 136.70 (8C, H- 
C3 a«,m and H-Cs arom of -OSi(Ph)2f-Bu), 135.41, 131.18 (4C, H-C4-.aTom of -OSi(Ph)2f- 
Bu), 130.24, 129.44 (2C, H-Ce-arom), 128.48 (8C, H-C2"aroni and H-Ce- arom of - 
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OSi(Ph)2r-Bu), 128.32(2C, H-C^^^m), 119.68 (2C, H-Cs-arom), 117.01 (2C, H-Ca-arom), 

58.57 (-N(R)CH£H(OH)CH2N(R).), 54.20, 49.28, 42.47, 38.00 (2C, - 
CON(CH3)OTBDPS), 30.33, 27.53 (6C, -OSi(Ph)2C(CH3)3), 27.17, 19.74 (2C, - 
OSi(Ph)2C(CH3)3), 19.26, and 18.00ppm. MS (m/z, ES): 1004.4 (IVT + Na), 1003.8 
(M^ - 1 + Na), 982.6 (lvr+ 1), 981.6 (M^), 743.6 (M^ + 1 - [(CH3)3CSi(Ph)2]), 505.3, 
491.4 (100%; M^^ + 1), and 372.4, 207.0, and 202.0. FT-IR (CDCI3, NaCl cells): 
3395 (bs, H-O), 3048, 2955, 2931, 2861, 1737, 1661, 1490, 1425, 1255, 1114, 820, 
738, and 703cm'^ 

Benzyl A^-[2-[N^^^-bis(2-hydroxybenzylidene)]-l,3-diaininopropyl] succinamate 
(24) 

[0126] Benzyl iV-(r, 3 '-dianiino-2' -propyl) succinamate dihydrochloride 
(16) (1.3mmole) was placed in a 50niL round bottom flask. Benzene (25mL), 
dichloromethane (4niL), and finally iV,iV-diisopropylethylaniine (1.85niL; 10.6mmole) 
were added to the crude diamine hydrochloride salt. The mixture was stirred several 
minutes at room temperature and the flask was equipped with a Dean-Stark and a 
condenser. Salicylaldehyde (320nL; 366.7mg; 3.0mmole) was added to the mixture. 
The reaction was heated at reflux for 71.3 hours after which the solvents were 
removed under reduced pressure. Thus, the yellow obtained solid was purified by 
flash chromatography on silica gel using a mixture of dichloromethane and ethyl 
acetate (70:30) to elute the desired compound. The purification produced 378mg 
(58.5%) of benzyl iV-[2-[iV^,A^-bis(2'-hydroxybenzylidene)]-l,3-diaininopropyl] 
succinamate (24) as a yellow oil. 

Benzyl N-[2-[N^ J^^-bis(2'-hydroxybenzyl)]-l,3-diaininopropyl] succinamate (25) 
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[0127] Benzyl N-[2-[N\N^-bis(2'-hyclroxybenzylidene)]-l,3- 
diaminopropyl] succinamate (24) (312.9mg; 0.6mmole) was dissolved with a mixture 
of ethanol (lOmL) and tetrahydrofuran (lOmL) and sodium borohydride (56.7mg; 
LSmmole) was added slowly. The reaction mixture was stirred at room temperature 
for 2.5 hours. Water (lOmL) was added and the resulting mixture was concentrated 
under reduced pressure. Dichloromethane (50mL) and water (50mL) were added to 
the obtained residue and the two layers were separated. The water solution was 
extracted two times with dichloromethane and the organic layers were combined. The 
solvent was evaporated under vacuum and the residue was purified by flash 
chromatography (dichloromethane / methanol / ammonium hydroxide; 84.8/15/0.2). 
128mg (40.5%) of benzyl N-[2-[N^N^-bis(2'-hydroxybenzyl)]-l,3-diaminopropyl] 
succinamate (25) was recovered after the purification. 

[0128] NMR (CDCI3; 600MHz): 7.03 (m, IH), 7.01 (d, 2H, J= 6.7Hz), 
6.83 (dt, 2H, J=L1 and 8.6Hz), 6.81 (dd, 2H, J= 1,1 and 7.4Hz), 4.47 (m, 3H, - 
HNCH2CH(R)CH2NH- and -NHCOCH2CH2CO2CH2C6H5), 4.13 (d, 2H, J= 13.7Hz, 
HOCfiHsCHaNH-), 3.87 (d, 2H, J= 13.7Hz, HOCeHsCHpNH-), 3.33 (m, 2H, - 
HNCjHaCH(R)CHaNH-), 2.95 (dd, 2H, J= 4.1 and 12.7Hz, -HNCHpCH(R)CHpNH-), 
and 2.82ppm (s, 4H, -NHCOCH2-CH2CO2CH2C6H5). 
Benzyl N.[2-[iV^^^-bis(2^hydroxybeiizyl)]-N^^^4bis[2-(N'.^^ 
butyl-diphenyIsilyIoxy)]aiiiinocarbonyI]ethyl]]-l,3-diaminopropyl] succinamate 
(26) 

[0129] To a solution of A^-methyl^-(f^rr-butyldiphenylsilyloxy)acrylamide 
(28) (280mg, O.Smmole) and iV^-diisopropylethylamine (llOjiL; 81.6mg; 0.6nmiole) 
in 15mL of tetrahydrofuran, benzyl iV-[2-[Ar^,/^-bis(2'-hydroxybenzyl)]-l,3- 
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diaminopropyl] succinamate (25) (127 .7mg; 0.3mmole) is added. The resulting 
solution is stirred and heated at reflux. The volatile substances are removed under 
reduced pressure after cooling the reaction mixture. 
EXAMPLE 5 

Hydroxylamine derivatives 

N-Methyl9iV-(te?t-butyldiphenylsilyl)hydroxylainine (27) 

[0130] To a suspension of iV-methyl hydroxylamine hydrochloride (9.061 Ig; 
108.5mmole) in dry dichloromethane (lOOmL) was added /erf-butyldiphenylsilyl 
chloride (28.2mL; 29.8074g; 108.4mmole) and ^V^-diisopropylethylamine (47.5mL; 
35.245g; 272.7mmole). The reaction mixture was stirred at room temperature for 65.5 
hours followed by the addition of water (200mL). The two layers were separated and 
the aqueous layer was extracted twice (500mL each) with methylene chloride. The 
organic solutions were then combined, dried with magnesium sulfate, filtered, and 
concentrated to dryness under reduces pressure. A yellow Hquid (31.65g) was isolated 
from the reaction mixture and purified by liquid chromatography on silica gel using a 
mixture of hexane and ethyl acetate (85:15) to elute the desired product. The 
purification process gave 29.46g (95.1%) of ^-Methyl,A^-(/e/t- 
butyldiphenylsilyl)hydroxylamine (27) as a colorless oil, 

[0131] NMR (CDCI3; 300MHz): 7.74 (dd, 4H, J= 1.7 and 7.7Hz, H- 

C2*aiom and H-C6'aioni)» 7.4 (m, 6H, H-C3'arom» H-C4*arom and H-Cs'arom)? 2.70 (s, 3H, t- 

(CH3)3CSi(Ph)20NHCH3), and l.Uppm (s, 9H, , r-(CH3)3CSi(Ph)20NHCH3). ^^C 
NMR (CDCI3; lOOMHz): 136.05 (4C, H-C^^srom and H-Cs aiom), 134.26 (2C, -0(r- 

Bu)Si-Crarom), 130.00 (2C, H-C4'arom), 127.99 (4C, H-C2'arom and H-C6'arom), 41.96 

(IC, CH3NHOTBDPS), 27.75 (3C, -OSi(Ph)2C(CH3)3), and 19.56ppm (IC, - 
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OSi(Ph)2C(CH3)3). MS (m/z, EI): 286 (IvT), 229, 228 (100%), 208, 199, and 197. FT- 
IR (CDCI3, NaCl cells): 3268 (w, N-H), 3070, 3048, 2956, 2932, 2894, 2857, 1472, 
1428, 1391, 1113, 871, 823, 739, 701, and 1824cm"^ 
iV-Methyl^-(^^/f-butyldiphenylsilyloxy)acrylaiiiide (28) 

[0132] N-Methyl,iV-(ferr-butyldiphenylsilyl)hydroxylamine (27) (10.0322g; 
35.1nimole) was placed in a flame dried SOOmL round bottom flask. Dry 
dichloromethane (50mL) was added to dissolved the hydroxylamine derivative 
followed by the addition of iV,A^-diisopropylethylamine (16mL; 11.87g; 91.9mmole). 
The resulting solution was stirred and cooled at 0°C with an ice bath. Acryloyl 
chloride (2.8mL; 3.1 192g; 34.5mmole) in lOmL of dry dichloromethane was slowly 
added to the mixture while its temperature was kept at O'^C for about two hours. The 
reaction warmed up slowly and left alone for about 48 hours. Water (200mL) was 
added to the reaction and the two layers were separated. The organic layer was 
washed successively with 10% anmionium chloride (3x200mL), saturated bicarbonate 
solution (3x200mL), and brine (2x200mL). The organic solution was then dried with 
magnesium sulfate, filtered, and the solvent evaporated under reduced pressure to 
give 12.16g of a yellow oil. The crude product was purified by flash chromatography 
(silica gel) using a mixture of hexane and ethyl acetate (80:20) to elute the compound. 
Fractions were analyzed and the ones containing the desired product were combined 
and the solvents were removed under vacuum. The purification produced lO.OSg 
(84.5%) of A^-Methyl,N-(fert-butyldiphenylsilyloxy)acrylamide (28) as a colorless oil. 

[0133] NMR (CDCI3; 500MHz): 7.69 (d, 4H, J=7.9Hz, H-Ce^m and H- 
Cz'aiom) 7.46 (t, 2H, J=7.4Hz, H-C4'arom), 7.39 (t, 4H, J= 7.4Hz, H-C3«arom and H- 
Cs anjm), 6.70 (m, IH, H2C=CH-CO-N(CH3)OTBDPS), 6.17 (dd, IH, J= 1.9 and 
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17.1Hz, HtninsC=CH-CON(CH3)OTBDPS), 5.54 (dd, IH, J= 2.0 and 10.4Hz, 
HcisC=CH-CO-.N(CH3)OTBDPS), 3.14 (s, 3H, ?.(CH3)3CSi(Ph)20-NRCH3), 1.17ppm 
(s, 9H, r-(CH3)3CSi(Ph)20-NRCH3). ^^C NMR (CDCI3; lOOMHz): 165.00 (IC, 
CH2=CHCON-), 136.51 (4C, H-C3 an,m and H-Cs aram), 131.79 (2C, -0(r-Bu)Si. 

Crarom), 130.91 (2C, H-C4»arom), 128.40 (IC, CH2=CHCON0, 128.23 (4C, H-Cs'arom 

andH-Ce-arom), 127.12 (IC, CH2=CHCON), 35.50 (IC, CH3N(R)OTBDPS), 27.41 
(3C, -OSi(Ph)2C(CH3)3), and 19.75 (IC, -OSi(Ph)2C(CH3)3). MS (m/z, EI): 340 (w, 
NT), 283, 282 (100%, - (CH3)3CH), 199, 135, and 68. 
N-benzyloxyacrylamide (30) 

[0134] A solution of acryloyl chloride (3niL; 3.342g; 36.9nimole) dissolved 
in dry dichloromethane (25niL) was cooled at O^C with an ice bath. A mixture of O- 
benzyl hydroxylamine hydrochloride (6.4902g; 40.66nunole) and A^,A^- 
diisopropylethylaniine (15.6niL; 11.575g; 89.56mmole) in dry dichloromethane 
(1 lOmL) was slowly added over a period of 1 hour to the cooled solution. Next, the 
ice bath was removed, and the reaction mixture was left stirring overnight while its 
temperature warmed up gradually to room temperature. Water (250mL) was added to 
the reaction and the layers were separated. The organic solution was washed with 
diluted hydrochloric acid (0.2N; 3x300mL), a saturated sodium bicarbonate solution 
(lx200mL), water (3x250mL), and finally brine (lx250mL). The organic layer was 
then dried over magnesium sulfate, filtered, and the solvent removed under reduced 
pressure. The residue was purified by flash chromatography using a mixture of 
hexane and ethyl acetate (70:30) to elute the product. The purification gave 3.165g 
(48.4%) of 7V-benzyloxyacrylamide (30) as a viscous colorless oil. 
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NMR (CDCI3; 300MHz): 8.27 (bs, IH, C6H5CH201SIHCOCH=CH2), 7.39 (s, 5H, 
C6H5CH2ONHCOCH-CH2), 6.41 (d, IH, J= 16.6Hz, C6H5CH20NHCOCH=CHtrans), 
6.02 (m, IH, C6H5CH20NHCOCH=CH2), 5.72 (d, IH, J= 9.5Hz, 
C6H5CH20NHCOCH=CHcis), 4.93ppm (bs, 2H, CeHsCHiONHCOCH^CHj). 
O-benzylhydroxylamine (29) 

[0135] Commercially available from Sigma-Aldrich Canada Ltd. (Oakville, 
Ontario). 

*H NMR (CDCI3; 300MHz): 7.36 (m, 5H, C6H5CH2ONH2), 5.40 (bs, 2H, 
C6H5CH2ONH2), 4.70ppm (s, 2H, C6H5CH2ONH2). 
N-(tert-butoxycarbonyl),N-(tert-butoxycarbonyloxy)acrylamide (32) 

[0136] A solution of acryloyl chloride (700jxL; 779.8mg; 8.6mmole) 
dissolved in dry dichloromethane (20mL) was cooled at 0°C with an ice bath. A 
mixture of ^^rr-butyl A^-(/er^-butoxycarbonyloxy)carbamate (31) (2.0038g; 8.6mmole) 
and triethylamine (1.32mL; 958.3mg; 9.5mmole) in dry dichloromethane (20mL) was 
slowly added over a period of 1 hour to the cooled solution. The ice bath was 
removed after 4 hours and the reaction mixture was left stirring overnight while its 
temperature warmed up gradually to room temperature. Water (lOOmL) was added to 
the reaction and the layers were separated. The organic solution was washed with a 
10% ammonium chloride solution (3x 80mL), water (2x lOOmL), and finally brine 
(Ix lOOmL). The organic layer was then dried over magnesium sulfate, filtered, and 
the solvent removed under reduced pressure. The residue was purified by flash 
chromatography using a mixture of hexane and ethyl acetate (90:10) to elute the 
product. The purification gave 690mg (28%) of A^-(^^rr-butoxycarbonyl),A^(/er/' 
butoxycarbonyloxy)acrylamide (32) as a colorless oil. 
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[0137] 'H NMR (CDCI3; 300MHz): 7.10 (dd, IH, J= 10.5 and l7.0Hz, 
BocON(Boc)-COCH=CH2), 6.50 (dd, IH, J= 1.5 and 1 7.0Hz, 
BocON(Boc)COCH=CHtrans), 5.85 (dd, IH, J= 1.6 and 10.5Hz, 
BocON(Boc)COCH=CHcis), 1.55 and 1 .54ppm (2s, 18H, -C02C(CH3)3). "C NMR 
(CDCI3; 75MHz): 162.87 (H2C =CHC(0)N(Boc)OBoc), 151.2 (-C02C(CH3)3), 149.6 
(-C02C(CH3)3), 131.0 (H2C=CHC(0)N(Boc)OBoc), 128.6 
(H2C=CHC(0)N(Boc)OBoc), 86.1 (-C02C(CH3)3), 85.6 (-C02C(CH3)3), 27.9 
(-C02C(CH3)3). and 27.5ppm (-C02C(CH3)3). IR (neat, NaCl disks): 2980 (C-H), 
2935 (C-H), 1790 (C=0), 1750 (C=0), 1710 (C=0), 1615, 1475, 1455, 1395, 1365, 
1300, 1250, 1150, 1120, 1025, 960, 870, 835, and 745cm"*. 
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EXAMPLE 6 

Examples of labeling experiment 

A^^^^-(bis(2'-hydroxybenzyl)]-A^^^^-[bis[2-[A^'.methyl^'- 
(hydroxy)aminocarbonyl] ethyl]-l,3-diamino-2-propanoI dihydroehloride (33) 

[0138] To a solution of A^^A^^-[bis(2'-hydroxybenzyl)]-A^^A^^-[bis[2-[A^ - 
methyl^'-(^er^-butyldiphenylsilyloxy)aininocarbonyl]ethyl]]-13-di^ 
(23) (22.8mg; 23.2|Liniole) solubilized in z\so-propanol (3.46mL) was added 
concentrated hydrochloric acid (0.54mL; final concentration of 5.8%). This mixture 
was stirred at room temperature for 18.5 hours (the course of the reaction was 
followed by HPLC). The reaction mixture was then lyophilized to give a colorless oil. 
The crude residue was dissolved in a mixture of acetonitrile (2mL) and water (ImL). 
The resulting solution was used for the labeling experiments. 
^^Gallium labeling of 7V^^-[bis(2'-hydroxybenzyl)]-7V'^-[bis[2-[iV'-methyl, 
iV^-(hydroxy) aminocarbonyl]ethyl]-l,3-diamino-2-propanol dihydroehloride (33) 

a) at pH6.6 

[0139] A solution of the bis-(2-hydroxybenzyl) bis-hydroxamic acid (33) 
(200|LiL; ~4|ig/|LiL) was placed in a 1.5mL plastic conical vial. Citrate buffer pH 6.6 
(50|iL of O.IM) and ^^gallium citrate (0.3mL; 464|xCi) were added to this solution. 
The reaction mixture was stirred for 2 hours at 75rpm. ITLC analysis were performed 
(acetone and normal saline elutions) and showed a reaction yield of 91.6%. The new 
^^gallium complex stays at the point of origin under these conditions while ^^gallium 
citrate is eluted to the solvent firont in acetonitrile. 

b) atpH7.7 
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[0140] In a 1 .SmL plastic conical vial, a solution of the bis-(2- 
hydroxybenzyl) bis-hydroxamic acid (33) (200}xL; ~4^g/p.L), O.IM citrate buffer pH 
7.7 (SO^iL), and ^^gallium citrate (0.3mL; 450|j,Ci) were introduced. The reaction 
mixture was stirred for 2 hours at 75rpm. ITLC analysis were performed (acetone and 
normal saline elutions) and showed a reaction yield of 100%. The new *^^gallium 
complex stays at the point of origin under these conditions while ^'^gallium citrate is 
eluted to the solvent front in acetonitrile. 

[0141] Those skilled in the art will appreciate that numerous changes and 
modifications may be made to the preferred embodiments of the invention and that 
such changes and modifications may be made without departing from the spirit of the 
invention. It is therefore intended that the appended claims cover all such equivalent 
variations as fall within the true spirit and scope of the invention. 
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